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Mm. lukMriKo •Ajrr»CM ' »ml aunx «- law»o« 



MR. AURttlO HOY KAiA* WWHTlO. eAUPMtMA tMM 

fXMM MA^Tt CAMMLAliO Mi<NOOZA 

MH. UMrAAO OAMCIA nmt^cnvml^ 

MRS. JIMVrV WM OAALKN WITTIM ^ 



September 28, 1977 



Hooorable James H. Scheuer, ChAlrm%n 
Subcommittee on Domestic and Znt«ro«tiooal 
Scieotlfic PlAi&ning, Analyaia, and Coopera^v 
U.S. House of Representatives 
Suite 2321, Rayburo House Office Buildins 
Washington, D. C. 20515 



Dear Congressman Scheuer; 



Through fundings under the Emergency School J^id Act, Los Nletos School 
District is embarking oo its third year oi lni«naive use of computer assisted 
instructioo to help our children achieve maetery of the bftsic skills of read- 
ing, laoguage, and arithmetic. 

With the inauguration of this program, a sixteen year decline of achievement 
test scores was dramatically reversed. Even though most of our children 
have been victims of Intense racial isolatlna that has left many of them severe- 
ly handicapped in tlie traditional teaching environm^snt, the mean achievement 
level is rapidly approaching the national norm. 

With their success in the basic skills, the morale of the children and parents 
has shown significant change. Absenteeiem la down, vandalism is reduced, 
hostility and violence are no longer a problem, and the high school reports 
that children are eocperiencing new success as they begin higher cognitive 
}earnLQg. 

Loa Nletos School District has found computer assisted instruction to be a 
highly efficient and cost effective way to stippurt the classroom teacher in to- 
day's Integrated school setting. 




District Superintendent 



MCM:eb 



AtOClAN iCMOOL LO« "JirTOJ^iCHOOL 
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AN ANALYSIS OF TOE IMPACT OF CCMPimBR ASSISTED INSTRUCTION 
CN A PROGRAM DESIGNED TO AMELIORATE TOE EFFECTS OF RACIAL 
ISOLATIW IN THE LOS NIETOS SCHOOL DISTRICT 



Funded by the United States 
Office of Education, DHEW 



These data are submitted as part of the testummy 
presented to the House Committee on Domestic Applications 
of Science and Technology, October 6, 1977. 



Nelson D, Crandall, Ed.D, 
Project Director 



Martin C, Montano, Ed,D, 
District Superintendent 
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"CAI: IT'S ROLE IN THE EDUCATION OF ETHNIC MINORITIES" 
OF . ■ 

Nelson D. Crandall, Ed.D. 



About ten years ago, the federal government undertook a massive program to 
wipe out poverty in America. The thrust of the program was towards those 
ethnic minorities that con^rised the bulk of the poor. Particular emphasis 
was placed on the American of Nfexican descent, the Black American and the 
Ainerican Indian. Further references to minority groups in this paper shall 
pertain only to these groups as that is where the data has been collected. 

A central hypothesis of this program was that poverty is closely linked to 
failure in school on the part of minority children. Massive amounts of 
money have been poured into the educational institutions of the nation to 
achlive this goal. In spite of the best efforts of our nation's educators 
and the good Intentioixs of the programs, these efforts have failed according 
to the goals and objectives set b>- tine program directors. 

So massive was the failure that it has caused educators to engage in consi- 
derable soul searching and ask *I'«iiselves, "Just what can the school accom- 
plish? Whav is beyond the reach of the schools?" 

In its conprehensive study, the Center for Educational Policy Research at 
Harvard University reported, "There is no evidence that school reform can 
substantially redixre the extent of cognitive inequality, as measured by tests 
of verbal fluency, reading ccmprehenslon, or mathematical skill. Eliminating 
qualitative differences between elementary schools ..ould reduce the range 
of scores In sixth grade by less than three peu^.nt. Elijninating qualitative 
differences between high schools would hardly reduce the range of twelfth- 
grade scores at all and would reduce by only one percent the disparities in 
the amount of education people eventually get." 

One of its gloomy conclusions, "Our research suggests that the character of 
a school *s output depends largely on a single input, the characteristics of 
the entering child. Everything else - the school budget, its policies, the 
characteristics of the teachers - is either secondary or ccupletely irrele- 
vant, at least so long as the range of variation among schools is as narrow 
as it seems to be in America." (Jencks 1972.) 

In the field of con^ensatory education, practitioners have been led by a 
succession of Messiahs who showed them the way. Each time the promised re- 
sults did not materialize, yet the practices have lingered for want of some- 
thing better. 

As a result, educators have became increasingly skeptical of programs claming 
success in raising achievement levels with children from a poverty background. 
To the uninitiated, proposing that achievement levels may be raised in children 
by having thejn sit in front of a computer terminal for fifteen minutes a day 
seems ludicrous. But, the facts are in. Standardized test scores have soared 
with children doin^? drill and practice on a daily basis using dM. Those of 
us in elementary education who witnessed this phenomenon asked ourselves, 
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'•Why should CW nise test scores when special reading teachers and teacher 
aides dcR*t appear to be able to acccaplish this? Wh/ do reading scores go 
up idm thB duld is taldng arlthietic on CAI7 Why do the slowest pupils make 
a significant jxxp in achiev«aent vhen in other programs he continues to fall 
further behindr* 



wo£^ OP oowncL 

The answers to these <|uesticns can be found when one examines children i^rom 
faoBMS vlth a heritage of poverty in the light of a concept called Locus of 
Control. This tern refers to how the child perceives hlaself controlled. The 
inteipally controlled child perceives that hi is in control of Ms own destiny, 
that his achlevoaents are usually osensurate with his efforts, and that he can 
reach Aost goals that he sets for hlaself . The externtf.ly controlled child be- 
llevoa that his life is controlled by outsid.s forces. He believes that what 
hoipens to hija la the result of d^^stlny, fate, luck, chance, the intervention 
o£ powerful others, or acts of God. 

It Is quickly evldaat that the child who perceives that there is no relation- 
ship between his am efforts and bis achlevenents is under a tranendous handi- 
cap. Many of tl»se children believe that there is no way they can help them- 
selves succeed so they spend their tiae in trying to avoid failinre. They do 
this by avoiding themselves either physically or psychologically fron most learn- 
ing situations. 

The internal child, on the other hand, has learned to savor success. He spends 
his ti» putting Wbnself in situations where he can succeed and once again know 
the pleasure that comes with success. 

It appears t}»t intemality can be fostered by activities that can 1) allow the , 
child to establish a cause-and-effect relationship with his own actions, and 
2) relate these activities without the intervention of a '"powerful other" 
(teacher, aide, parent). ^ 

There is good evidence that reinforcement to learning activities is not effective 
if the child does not perceive a causal relationship between his own actions and 
the feedback that occurs. Studies have shown that low achieving children and 
often minority children perceive 'themselves as not having much control over 
their own fate. They perceive what happens to them as a result of who their 
friends are, what color their skin is, how much money their folks have, luck, 
etc. 

In constructing a social learning theory, J, B. Rotter (1966) stated: "When a 
reinforcement Is perceived by the subject as following some action of his own 
but not being entirely contingent iqxan his action, then, in our culture, it is 
typically perceived as the result of luck, chance, fate, as tinder the control 
of powerful others, or Bst unpredictable because of the great con?>lcxity of the 
forces surrounding hin. Vhen the event is interpreted in this way by an indivi- 
duil, we have labled this a belief in eoctemal control. If the person perceives 
that the event Is contingent on his own relatively pennanent characteristics, 
we term this a belief in internal control**. 
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T>i« rm*wn Rfftxvn- (^c^f^f,^ f/^nvl thnt thU belief in destiny was a mior deter- 
ninant In school achicfvwent. They concluded that this pupil at titiide tactor 
had a stronger relationship in achtevcfaent than all othpr scJiool tactors toge- 
tRer: ' 



Ccaputer Assisted Instruction has shown carnrinc.sAg evidence that it is an 
Soctive »ediian for building internal control iji the child vho believes that 
his life is controlled by Boctemal forces. 

The child In question typically has p6or tolerance to delayed gratification . 
He usually sees Bdninal relationship between his actions of today latn success 
or fidlure as represented by narks on a re p or t card. The ccnputer teramal, 
with its one or two sea«d response tlae, graphically shows the ixii)il inmediate 
feedback to his ii^. He knows he is in control and can readily :>ee the cause 
and effect relationship) to his actions. 



Vasquez (1974) sees the understanding of cause-effect relationship as essen- 
tial to internal attribution of success or failure on the part of the child. 
This mlersta2^Ur.g has not been developed adequately in tho mind of the ex- 
ternal Individual because of negative social eocperiences within a culturally 
biased classrooa. The probl«n then is hew to build understanding of cause- 
and-effcct in the externally controlled child. 

yasquez suggests four criteria by which to evaluate activities to accomplish 
Urtierstawling of the cause-effect relationship : 

1) See that the cause has sufficient power to produce the 

effect. 

2} Students should comprehend that without the cause, the 

action or result would not have occurred. 

3) Other equally likely causes musi: not be present if we 
are to identify a single cause. 

4) The cause nust precede the cveni: in t inns. 

Mien judged by the above criteria, Con|Juter Assisted Instruction gets high marks. 
Let us examine each of the above as compared with CAI. 
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(A) Sufficient Powor. It is diffiailt to conceive of any medium 
that MOUiXd have more power. Miawver the ixipil irdicates 
he has finished his iiqput to the con^uter, there is aljBost 
instantaneous response that is solely related to the input. 

(B) Cause- effect relationship, _Oix CW,._the child instantly 
recognizes th* relationship of the outjwt to his input. 

(C) Other causes. The interaction between the child and the 
terminal is direct,. withsut the intervening intermediary 
of tfie teacher or others. The child wist take full res- 
ponsibility or credit fbr the response whatever it is. -j, 

CD) Tecmoral rclaticfjship. The ispediate fee db a ck provided by 
the conqjuter is unexcelled. The coaputer usually responds^,, 
within one or two seconds to the pi4)il*s input. 

There is much research to be done to dcteraine the eoctcnt that CAI modifies 
t}» locus of control of the minority child. Bapcrical evidence suggests 
that there is substantial change. Hard data shows that there is highly 
significant growth in reading and math as measured by standardized tests. 
For exaacle, Bone (l?>74) r^rted an average growth of 1.1 years growth 
over an eight-month period in Chicago's inner city where the average growth 
had been close to .4 ye«rs growth in math for the period covered. Similar 
results have been reported from University of Akron, Stanford Univei'sity, 
a«i from Montgomery County, Maryland. 

Speculation as to why Canputer Assisted Instruction gives evidence of 
increased intemality has included the following points: 

[1} Innodiate feedback. 

(2) Udc of eoctemal variables to which a student might attribute 
his success or failure. 

(3) The very specific directions that the coD^ter gives the 
lea:mer, and the computer's low tolerance for deviation 
frow the directions. 

(4) The one-to-one relationship between the learner and the 
terminal. 

(5) The programmed success that the txipil eocperiences on most 
CAI courseware. 

Instructional Logistic^ 

Accompanying racial integration in schools, there has been an ever- 
widening span of experiences, cowpetencies, levels of achievonent, and 
ahUity. In oixier to effectively teach such diverse groups, teachers 
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have been told to individualize their instruction. 

Seldom has there been a harder wrking group of teachers than those 
attengiting to individualize their classrooms in schools such as we 
have described above. Despite these heroic efforts, they are unable 
to meet the goals that they have set .for themselves despite special 
materials, paraprofessional help, subject matter specialists and 
parent volunteers. Teachers are being overwhelmed by the logistics 
of Instructing such classes. Without special help, teachers are 
destined to direct the bulk of their Instruction towards the mean 
achievement level of the group. In the past, such instruction has been 
satisfactory for homogeneous grouping. Ir is highly inadequate for a 
school in the process cf racial integration as it results in pupil 
frustration and parent dissatisfaction. Needless to say, the teacher 
in such a setting is highly upset and can often be found in the 
personnel office filling out a transfer request. 

At first glance, it appears perfectly feasible to iixiividualize these 
subjects for thirty children. If we only did it with reading and 
aritJmetic it would appear that at most the teacher would Jiave sijcty 
lessons in any one day. This is an illusion. Reading and arith- 
metic are nothing but names tliat we have given to a large assortment 
of complex skills. Should we break down these subjects into a 
minimal number of skill areas or "strands", we suddenly find that the 
teacher h.as about twenty- five areas to prepare for; and instead of 
a potential of sixty lessons, it has ballooned to seven hundred ar.d 
fifty. 

What has become an impossible task for the teacher is duck soup for 
the computer. Thousands of children throughout the nation are having 
their drill and practice lesson plans prepare<l for them daily in 
heterogeneously organized classrooms. Thc; : re highly -successful. 
Teachers and parents are pleased at the ro^rlts that are evident from 
the child's academic achievement and social adjustment. 

Over a thousand terminals are now operating in classrooms of Los 
Angeles County alone. 

In the Los Nietos School District, CM is being implemented in five 
schools, grades four through eight. Teachers have remarked on the 
enthusiasm of the children towards the terminals and the change in 
attitudes that have accompanied the implementation of the program. 
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Teachers have rq?orted that pupils ^ have been the most difficult to handle 
appear to be particularly attracted to the medijfn of CAI. 



Evaluation of an innovation such as this is. especially difficult to measure 
because of the nuaber of uncontrolled vai iables involved. The following evi 
dcnce has be«i observed and appears to have a relationship with CAI. 



Scores on standardized test are sharply up. 

Truancy and tardiness are down. 

Children make intensive use of the coniputer 
teminals before and after school. 

Vandalism of the school plants is down. 



It appears that CAI is a valuable medium of ins true tior in school districts thiat 
are in the process of desegregation. One of the major obstacles has been the 
achievement of those children suffering the effects of racial isolation is often 
significantly lower than those children in the majorit>' group. As CAI ettective 
ly brings up the achieveroent level of the lower quartile pupils, there is a 
reduction in the frustration level, the self-confidence of the pupil improves, 
and the general enotional climate of the institution is Improved. 
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LOS NIETOS EDUCATION CEI^TER 
CCMPUTER CENTER 



THE RELATIO^eHIP BETWEEN CAI AND ACHIEVBCMT 



All districts are cautious about claiming earned gains on standardized 
tests beijig attributable to certain programs. Los Nietos is no ex- 
ception: "HowwerTtKe" scores on~the following tjages do shovrhighly 
significant gains made during a period when the only identifiable 
variable was the introduction of CAI. The district gains confidence 
in attributing these gains to CAI in that similar results have been 
found in Chicago, Montgomery County Nlaryland, Kansas City and the 
los Angeles County program. 



ACADBCc cstami 



The growth that children made in math and reading as measured by 
standardized tests has been dramatic and graphic. The tests were 
administered by the classroon teachers over a four year span beginning 
in October, 1974. The instnment used was the California Achievement 
Test of Basic Skills. The children marked their answers on "mark 
sense" data processing answer sheets. These were processed and tabu- 
lated by the Los Angeles County Superintendent of Schools Office. 

The accompanying graphs and charts will attc- ' to the significant 
growth that the children have made in the basic skills of reading and 
math. It can also be pointed out that these results were obtained while 
the percentage of minority population was growing. At the present time 
the school population is -about eighty percent minority, principally 
Spanish surname. 
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A REPORT OF AN ELBCOTAPY INSTRUCTIONAL 
SYSTEM SUPPORTED WITO OCMPUrER-ASSISTED 
IKSTRUCriCN IN MULL AND PRACTICE IN THE 
BASIC SKILLS 

The Los Nietos School District in Los Angeles Coimty has the distinction 
of being the first school in the Uiuted States that has had their basic skills 
program siq>ported through intensive use of ccqputers. 

This publication fulfills the obligation incurred upon receiving a grant 
under the Bnergency School Aid Act; that of dissemination of successful prac- 
tices for relieving ethnic segregation, and ameliorating the effects of racial 
isolation. 

History of the Project 

The Los Nietos ESAA Basic Program was the first program of computer 
assisted instructional program funded under Public Law 92-318, The Emergency 
School Aid Act. Approved for the school year 1974-75, the project became 
operational with the installation of an IBM 370 115 caT?)uter dedicated to 
computer assisted instruction, on January 5, 1975. The system initially 
supported seventeen 2741 typewriter-style tenninals. Before the end of the 
year this number was increased to twenty- four. The system ran on Coursewriter 
III, an IBM instructional language, and supported the following courseware: 

Arithmetic Proficiency Training Program (Gr. 2 - 9) 
Elennaitary Reading Ski.lls, CCC (Gr. 3-6) 
WRITE, Poughkeepsie Schools, (Gr. 4 - 9) 

Although the early results were excellent, the system was plagued by slow 
response time and softwar ^ problems. The necessity to maintain our own soft- 
ware plus the inability the system to support an adequate minber of terminals 
resulted in the terminat.j.«an of the lEM lease in October, 1976 and a conversion 
to equipment and programs leased from the Computer Qirriculum Corporation, Palo 
Alto. 

We started the year with two CCC A16 conputers sijpporting 32 CRT- type 
terminals running the following cowrseware: 
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Cont^d 

Elmentaiy Reading Skills (Gr. 3 - 6) 
Elementaiy Arithmetic (Gr. 1 - 7) 
Elementary Language Arts (Gr. 3 - 6) 

In the evening hours, the system was used vfith adult reading, math, and 
language skills. This was administered under adult education programs. 



HOW CAI IS USED TO SUPPORT TEACHERS IN KULL AND PRACTICE 

For the purpose of this subject, let us assume that we accept the following 
paradigm as the one being u5ed to teach the basic skills: 

Step 1. Teachers introduce concepts to children on the basis 
of their readiness for that particular concept and 
in a sequence that involves certain prerequisite skills. 

Step 2. Upon the child achieving basic cor^rehension of a concept, 
the child is given irill and practice to achieve greater 
understanding and to gain master) of the concept. 

Step 3. Achieving mastery of the skill, the child is given 

contrived applications, direct purposeful applications, 
or utility of the skill to master more ccnplex concepts. 

Step 1 . Traditionally we think of the teacher explaining the concept 

(such as contractions in grannar or division in math) with the aid of the black- 
board, visuals, or printed matter. 

Step 2 . The dominant teaching aid for achieving mastery has been the 

liquid spirit duplicating machine. Teachers pass out exercises for the children 
to do that are hopefully at their level of achievement. Other aids have been 
workbooks, teacher made materials, games, and exercises taken from textbooks. 
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Cont'd 

Step 3 . The application level can be found in dramatic play of social 

studies, thought problems from math books, and contrived experiences in the 
classroom. 



Computer Assisted Instruction takes over the function outlined in "Step 2". 
Computers are uniquely qualified to achieve the aims of drill and practice 
because they can store and recall vast amounts of information. The programs 
of Computer Curricultin Corporation, the most vddely used software, tract the 
child in twenty-eight different skill strands sijoultaneously. When the child 
achieves ixinty percent correct in any one strand, the program advances him. 
When the child achieves less than eighty percent correct, the pupil is given 
less demanding work. Thus in a class of thirty pupils, 840 skill strands are 
being tracked at the same tiine. 
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IT STARTS IN tH E CLASSRGM The teacher Introduces the concept. No 
computer can cotini cTose to the Interaction that 1s necessary for that 
type of Interaction needed for this type of i-^f-Mng. Other media 
Is usually employed to facilitate conrnunlca' * - ..t this point such as 
the blackboard, pictures, exhibits, etc. 

The children become aware of the concept, gaining the basic knowledge 
Involved, and then move to the level of comprehension. 

Gaining comprehension, the children are then ready to begin the pro* 
cess of achieving mastery. Traditionally this Is done In the class- 
room with ditto material, workbooks or copying exercises out of the 
textbooks. 

This has always been a dUi tcult area to Individualize work for the 
child. In a fully integrated heterogenlous classroom 1t becomes a 
logistical nightmare. Few teachers have the skills, the time, and 
the coimitment to completely individualize in a diagnostic-prescrip- 
tive setting. 

Where the teacher is highly skilled in corrmunicating and perceiving 
feedback, the computer \s highly skilled at remembering an infinite 
amount of data, storing this information, and recovering it quickly 
and accurately. 
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THE COMPUTER DOES ITS PART Working at grade 
by the teacher, the pupils do drills and prac 
that they comprehend from their classroom Vfoi 
tracked in as many as twenty-eight skills sti 
simultaneously. 

This medium appears to have considerable chai 
Some of their coirroents: 

"The terminal does what I tell It to do 

"I know that I did the work myself." 

"The computer never bawls me out." 

"I get good scores on CAI." 

"It's fun." 

"Nobody but me knows what I am doing." 
"I learn real good on the computer." 
"You know that you do it." 
"I like to beat the computer." 
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\ chlldm'si ictlons rtanforct tlwlr woHi, The ttmlnali ara 
ly durliHI lunch tlHi» Men school, iftt^ school end durlno 
nation porlods. 

•onts of primry chlldrtn ofton bring tholr chlldrw In ifttr 
)ular hours and sit tHth thm at tha tannlnals. 
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T-Hrwc}v Fcrjb-.!.-. i; arijition co U-.u-r- .M.-.f'rv. . ;.icn of children 
ir*v7orr^rtfi"th- ^f:n.= i•.al•.. the teacher . :^n.^rete c-nnted re- 
ports on dei,.arr.. T-i-se re.'jrfi shew wt.^ro ihu . .0 if^ working 
1n any of the subje:.';. areas, expre'-.^c^ ' • . uol* level, e. g. 
Literal Compruhens iun 3.7, 

The teacher may then refer to the tea^'^.-s ■.y.Ue for that parti- 
cular subject diid s-o what concepts e child will need to under- 
stand to proceed further. If a teacher notices that a child is 
not progressincj in a particular strand, this Is a clue that the 
pupil lacks real corprehenr^ion of the concept. 

Class reports a^^e useful 1n Qroupiny children for small group 
learning cenu-ri meet co,::n>on needs. Individual reports are 
often used tc crunsel the pupil and in parent conferences. 
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APPLI CATION After the teacher has received evidence from the 
computer printouts that the child has achi vod mastery of a 
given skill, it is incumbent on him to a si);n projects that 
permit the child to utilize tfies'e newly mastered skills so 
that they have meaning and value. 

Newlv mastered skiUs are also utilized as component parts 
for more highly organized skills that are in r ea 1 ity syntheses 
of subordinate skills. For example, evidence that the chlld^ 
has mastered vertical subtraction and horizontal multiplication 
indicates to the teacher that the child has the necessary skills 
to master division and can begin introduction of this concept. 

The reteiYtion of any skill mastered is dependent upon review 
and application; use it or lose it. 
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WHY CAI IS SUCCESSFUL 

Locus of Control 

Educators scanning test results of children working with CAI for the first 
time ar© struck with an anomoly. They see children who have scored in the 
lowest quartile suddenly spurt forward. Two or three years growth in one year 
is the rule for these children rather than th*. exception. 

This is against our past experience and leads us to ask why should they 
suddenly surge ahead when traditionally they have fallen further behind each 
year? 

The answers to these questions can be found when one examines children fitnn 
hones with a heritage of poverty in the light of a concept called Uicxis of Control. 
This term refers to how the child perceives himself controlled. The internally 
controlled child perceives that he is in control of hi s^ own destiny, that his 
achievancnts are usually cormensurate with his effotts, and that he can reach 
most goals that he sets for himself. The extentall y controlled child believes 
that his life is controlled by outside forces. He believes that what happens to 
him is the result of destiny, fate, luck, chaiKc, the intervention of powerful 
others, or acts of God. 

It is quickly evident that the child who perceives that there is no relation- 
ship between his own efforts and his achievements is under a tremendous handicap. 
Many of these children believe that there is no way they can help themselves 
succeed so they spend their time in trying to avoid failure, thus, ranoving them- 
selves either physically or psychologically iron most learning situations. 

The internal child, on the other hand, has learned to savor success. He 
spends his tine putting himself in situations where he can succeed and once again 
know the pleasure that comes with success. 

It appears that intemality can be fostered by activities that can 1) allow 
the child to establish a cause-and-effect relationship with his own actions, and 
2) relate these activities without the intewention of a '•powerful other" (teacher, 
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aide, parcri i . 

"^iMre ^-i goo<\ evldeiKie that roinforc-rwent to learning activities is not 
••ffective if the chi!ci dr-cs not perceive a causal relationship between his own 
nctiofW aiKl the foedback that occurs. Studies have shown that low achie\'ing 
children aiKl often min'-.. :ty children perceive theitiselves as not having niich 
control over the Ir o^i farr. ihc-y [.erceive what Kippeni to them as a result 
of who their friendr are, wliat colo- iheir skin is. Ivtw nwch money their folks 
have, luck, etc. 

In cons true t.rny. :i social ]t-..r?.inji tncory, J. B. Rotter (1966) stated: 
"Vt'hen a reinlorcjEivdi is pci' -iv»^l in- itio subjcv-t as following seme action of 
his own, but not b'-*-.x "nrjrr:!-; continjient upon his action, then, in our culture, 
it is '.yTjically p^^rcoive-^ ' . - rosu!: of luck, rhance, fate, as under the 
control of powerhil other^, nr is u rvxiictabi*- because of the great complexity 
of thr forces sjrip^ju ii.g hi;r. .tei the event is inttrpretetl in this way by an 
individual, wo have labeled this a belief in external control. If the person 
perceives that the event is contingent on his o^-n relatively permanent charac- 
teristics, we term this a boli«;f in internal contiol". 

The Coleman Report (1966) found that this belief in destiny was a major 
dcterminAnt in school achiin'ement. They concluded that this pupil attitude 
factor had a stronger relationship in acUiovement than all other school factors 
t ogether . 

Canputer Assisted Instruction has shoun convincing evidence that it is an 
effective mediun for building ijitemal control in the child who believes that 
his life is controlled by external forces. 

The child in question typically has poor tolerance to delayed gratification , 
Tte usually sees minimal relatia.iship between his actions of today with success 
or failure as represented by marks on a report card. The computer terninal, 
with its one or twr> secont' roponse time, graphically shows the pupil LunetUafj 
'feedback to his input'. He kr.ows he is in control and can readily see the c?.u^e 
and effect relationship to his actions. 
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Visquex (1974) sees the understjmdii\« of cauie-effect relationship as essential 
to internal attribution of success or failure on the part of the child. This 
understanding has not been developed adaqgately in the mind of the wtemal in- 
dividual because of negative social experiences witldn a culturally biased 
clasSTOOB. TTw problen then is how to build understanding of cause-and-effect 
in the externally controlled child. 

Vasquez suggests four criteria by «Mch:t0 evaluate activities to accon- 
plish understanding of the cause-effect relationship : 

1) See that the cause has sufficient power to produce the offset. 

.2) Students should ccByrehend tha|t without the cause, the action 

or result *wld not have oconred. 

3) Other equally likely causes mst not be prescn.*. if we are to 
identify a single cause. 

4) The cause mist precede the event in time. 

When judged by the above criteria, Conputer Assisted Instruction gets high 
marks. Let us exonine each of the above as cancnved with CAI. 

A) Sufficient Power. It is difficult to conceive of any mediua that would 
have more power. Whenever che pupil indicates he has finished his iniwt 
to the ccnputer, there is almost instantaneous response that is solely 
related to the iu^t. 

B) Cause- effect reUticnahip. On CAI, tha child instantly recognizes the re- 
lationsliip of the output to his input. 

C) Other causes. The interaction between the child and the teminal is direct, 
without the intervening intcmvediary of the teacher or others. The child 
must take full responsibility or credit for the response whatever it is. 

D) Tei^ral relationship. The ia^ediate feedback provided by the colter 
is unexcelled. The cowputer usually responds within one or tvro seconds 
to the pupil's input. 

18 
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There is nuch research to be done to det-.'TTiiine the extent that CAI modifies 
the locus of contTol of the minority child. Emperical evidence suggests that 
there is substantial change. Hard data shows that there is highly significant 
growth in reading and math as measured by standardized tests. For exan^.le, 
Bone (1974) reported an average growth of IJ years growth over eight-mijith 
neriod in Chicago's inner city wher.e the average growth had been close to .4 
years growth in math for the period covered. Similar results have been reported 
from Urdversity of Akron, Stanford University, and from Montgonery County, Maryland. 

Speculation as to why Conputer Assisted Instruction givei". evidence of in- 
creased internal ity has included the following points: 

1) Iimediate feedback 

2) Lack of external variables to which a student might 
attribute his success or failure 

3) The very specific directions that the computer gives the 
learner, the conputer* s low tolerance for deviation frcnt 
the directions 

4) The one-to-one relationship bor*.;cn the learner and the 
terminal 

5) The pTOgraawod success that the pupil cDcperiencos on roost 
CAI courseware. 

Instructional Logistics 

Acconpanying racial inte^Tation in schools, there has been an cverwidening 
span of experiences, competencies, levels of achievonent, and ability. In order 
to effectively teach such diverse groups, teachers have been told to individioalize 
their instruction. 

Seldom has there been a harder working group of teachers than those attempt- 
ing to individualize their classrooms in schools such as we have described above. 
Despite these heroic efforts, they are unable to meet the goals that they have 
set for themselves despite special materials, paraprofessional help, subject 
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matter specialists and parent volunteers. Teachers are beijig overwheljned by the 
logistics of instructing such classes. Without special help, teachers are des- 
tined to direct the bulk of their instniction tovrards the mean achicvesaent level 
of the group. In the past, such instruction has been satisfactory for hanogeneojs 
grouping. It is liighly inmiequate for a school in the process of racial inte- 
gration as it resiUts in pupil frustration and parent dissatisfaction. Needless 
to 3ay^ the tcschoi xzx auch a scxting is highly up:>cL arid can often be found 
in the personnel office filling out a transfer request. 

At first glance, it appears perfectly feasible to individualize these subjects 
for thirty children. If we only did it with reading and arithmetic it would 
appear that at most the teacher would have sixty lessons in any one day. This is 
an illusion. Reading and arithmetic are nothirg but names that we have given to 
a large assortjnent of conplex skills. Should we break down these subjects into 
' a ninijJBl nunber of skill areas or "strands", we suddenly find that the tracher 
has about twenty- five areas to prepare for; and instead of a potential of sixty 
lessons, it has ballooned to seven hundred and fifty. 

What has become an iinpossible task for the teacher is duck soup for the 
ccn^xiter. T ousands of children throughout the nation are having their drill and 
practice lesson plans prepared for them daily in heterogeneous ly organized class- 
rooms. They are highly successful. Teachers and parents are pleased at the re- 
sults that are evident from the child's academic achievement and social adjustment. 

Over a thousand terminals are now operating in classrooms of Los Angeles 
^ County alone. 

In the Los Kietos School District, CAI is being implemented in five schools, 
■grades four through eight. Teachers have remarked on the enthusiasm of the children 
towards the terminals and the change in attitudes that have accompanied the imple- 
mentation of tlie program. 

Teachers hav« reported that pupils whp have been the most difficult to handle 
appear to be particularly attracted to the mediun of CAI, 
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Evaluation of an innovation such as this is especially difficult to measure 
becaus;e of the nurfysr of uncontrolled variables involved. The following evidence 
has been observed ai^ appears to have a relationship with CAI. 

Scores on standardized test are. sharply up. 

Truancy and tardiness are down. 

Children make intensive use of the computer 

terminals before and after school. 
Vandalism of the school plants is down. 

\ 

It appears that CAI is a valuable medium of instruction in school districts 
that are in the process of desegregation. One of the major obstacles has been 
cthe achievement of those children suffering the '^ffects of racial isolation is 
often significantly lower than those children in the majority group. As CAI 
effectively brings up the achievement level of the lower quartile pupils, there 
is a reduction in the frustration level, the self-confidence of the ixipil 
ijiproves, and the general emotional clijnate of the institution is in^roved. 
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. RECOMMENDATIONS 
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REOlWENnATIONS FCR "mE CCM^ITrEE 



As the emergence of electronic data processing 
has been very rapid, there is almost a vacuum 
of eoq>ertise in CAI and Ofl in the teacher's 
colleges of the nation* Incentives are needed 
for professors of educational technology to 
becane current in theory and practice of this 
field. 



That federal aid to education through the 
various categorical fundings be diverted from 
less successful approaches into CAI. 

That programs be initiated to change large 
population grotps from an orientation of "ex- 
ternal control" to a postiire where they see 
thanselves realistically; aiKi to aid them in 
becoming self- actualizing individuals. Such 
groups, presently gripped in poverty and de- 
pcndoyiy, could then become contributing 
meaabers of our society. Welfare roles, 
disease, crime, and poor personal performance 
could significantly be changed for the better 
with relatively modest cost. 
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NARRATIVE SIMWIY 
OF 

LONGITUDINAL AND CROSS SECTIONAL DATA 



The longitudinal data shofw quite convincingly that students in 
the Los Nietos School District have made significant achieve- 
ment gains over the past four years. 

Students in the Fourth^ Fifth and Sixth grades whose average 
achievement was between the 04lile to 17lile in Math four years 
ago are now achieving approxinately 30lile points higher. Sijnilar, 
though not so dramatic gains have been achieved in Reading. 
Fourth, Fifth and Sixth grade students have risen from the 15%ile 
to the 38%ileo (See figures 27 to 36 .) 

.'\nother way of studying the longitudinal data is to look at the 
differences in 'achievement levels for a selected grade level over 
a period of years. This is generally referred to as cross-sectional 
data. For exanple, over the past three years, the math achievement 
of graduating" 8th graders has risen from the 35%ile to the 47%ile. 
Significant gains have also occurred in the fourth through seventh 
grades. Again, similar yet less dramatic results have been achieved 
in reading. Reading achievement has risen from the 35lile to the 
40%ile for graduating 8th graders over the pa-' three years. 
(See figures 37 to 48 .) * , 

This year, an atteiq)t is being made to ijrplement a comprehensive 
evaluation project. This will lead to more specific statistical 
information regarding the extent to which CAI (and other programs) 
have contributed to the marked successes of students in the Los 
Nietos School District. 
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LOS NIFTOS SOiOOL DISTRICT 
lONGmJDM m MA 
CALIFORNIA TEST OF BASIC SKILLS (CTB:1 



ma mm mean percentile scores 

8th Grade Class 1974-75 October ]m - l^tilp H'ly 15;5 ■ 35%ile 

Stl-i Grade Class 1975-76 ■ October 1573 - 17}i:e May 1976 ■ 37Ule 

8th Grade Class 1976-77 October 1973 - ISUle May 1977 - 40Ule 

7th Grade Class 1976-77 October 1973 - lOlile May 1377 • 36Ule 

6th Grade Class 1976-77 October 1974 - 16lile May 1977 - 37Ule 



to 

00 



TOTALOT mean PERCENTIUE SCORES 

8th Grade Class 1974-75 October 11)73 - llUle May 1975 - 35lile 

8th Grade Class 1975-76 October 1973 - 15}ile May 1976 • 42iile 

8th Grade Class 1976-77 October 1973 - 09lile May 1977 - 47Ule 

7th Grade Class 1976-77 October 1973 - 04Sile May 1977 - j7{ile 

6th Grade Class 1976-77 . October 1974 • 16lile Oct.1977 - 39Sile 
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GIBS MEAN SCQft' 
SPRING OF YEAfT 



LOSNIETOSSilOOL DISTRICT 
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Longitudinal Data 
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Mr. SwANsoN. 1 u'ould like to give others a chance to ask some 
questions. 

Mr. Gallagher. Is it possible that the machines have more of a 
heart than the teachers? 

Mr. Crandall. Well, they are just as nice to kids at 3 in the* 
afternoon as they are at 9 in the mornine. 

Mr. Gallagher. In your earlier remarks I had a certain skepticism, 
but after listening to testimony from the Brooklyn No. IS School 
District and the achievements they have made between 1974 and 1976, 
it is quite remarkable. 

The testimony today of reversing a 16-year trend not only is laud- 
able but almost miraculous. I am interested too in not just a product, 
a direct product, but a.s you mentioned, the byproduct of some of 
this. It is like an assertiveness training program, making the student 
less dependent on the teaclior and more de|)endent on himself. 

I do have one observation in this byproduct area where you men- 
tion, for example, reduction in vandalfsm and absenteeism, et cetera. 
These are heavy claims to place upon an educational computer system, 
perhaps more heavy tlian it cun bear. It is doing a wonderful job on 
the direct line now and what Tm rai.sing here is could it be possible 
that there are other factors involved here that could be shown to be 
contributing to the alleviation of some of the social problems, the 
cutdown in vandalism and so forth. For example what about the 
teacher-pupil relationslii[), tlie police relationship, the fact that chil- 
dren might have jobs today, especially the teenagers may have a job 
and they have money in their [)0('ket and they may be less apt to 
be violent? What about schools tliat don't have this system? Has. 
their vandalism also decreased? 

Mr. Crandall. The scliools .surrounding us that have similar 
population groups have shown increases in vandalism, fires within 
buildings, increa.se in grafitti on the walls, and generally, the type of 
deterioration we have noticed. 

I really get quite a hit of confidence for our claims from the experi- 
ences of Newark, N.J., which has a limited CAI program. Within 
those schools in Newark which have used CAI, they have had similar 
experience. Also, within the Chicago public schools they have experi- 
enced the same thing. 

Now, it is very, very difficult to say this is a cause-and-effect rela- 
tion.ship. J can't prove that; no. But^hat was the only new variable 
we had introduced within that period of time. 

Mr. Gallagher. The evidence seems to be heavily circumstantial. 
Mr. Crandall. Yes. 

Mr. MoNTANo. The point is very well taken and we have been 
wTestling with exactly what you have said. However, we have not 
been able to collect any data that would actually point in that direc- 
tion other than that these are side effects that have happened. In 
fact, some of this we were not even aware of. We were basically 
concerned with the achievements of the students. These are the 
things that have happened. 

Mr. GAiiLAOHEU. Would this liave an effect on the teachers and 
would they begin to try to find out what it is that they themselves 
perhaps have lacked so tliat they could give to the stucfcnts more of 
this self-starting? 
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Mr. Crandall. I think wc are just on the threshold on this in that 
we have known about locus of control for some time, but no one has 
come up with a way of building internality. I would say that we cer- 
tainly didn't have this in mind when we started the program. To us, 
it has been a very valuable byproduct, but I think we have a long 
way yet to go for the teachers to incorporate certain classroom activ- 
ities and attitudes within the youngsters that would reinforce the 
feeling they get from working on the terminals. 

Mr, Gallagher. Thank you. 
- Mr. Beliexson. Are there further questions? 

If not, I want to thank Dr. Crandall and Dr. Montano for their 
excellent testimony this morning. I am sure more of the members 
M-ish they could have heard it. We hope we can be in further contact 
Vr'ith you on this subject. 

Mr. Crandall. We certainly appreciate the opportunity to tell 
about a successful progi'am that is being funded from this city, 

Mr. Beliensox. Our next witness will be Mr. William C. Norris, 
who is chairm'an of the board arid chief executive officer of Control 
Data Corj). . 

Mr. Norris, would you and any of your colleagues which you wish 
to bring up come forward at tliis [)oint. You may proceed with your 
statemeut, and without objection, the full text of your prepared 
statement will be included in the record. You may present it in any 
fashion you wish. 

[The pre[)ared statement of Mr. Norris follows:) 
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THE FUTURE OF PLATO 
COMPUTER BASED EDUCATION 



Statement of 
William C . Norris 
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at a hearing of 
The House Science & Technology Subcommittee 

on Domestic & International 
Scientific Planning, Analysis & Cooperation 
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PLATO CBE PRESENTATION 
FOR HEARING BY 
HOUSE CON^MITTEE ON SCIENCE & TECHNOLOGY 



IT IS A PLEAfjURJE FOR ME TO PARTICIPATE IN THIS HEARING. AS 
GENERAL BACKGROUND FOR MY PRESENTATION, IT SHOULD BE NOTED THAT 
CNE OF THIS NATION'S fidfD THE WORLD'S MOST URGENT NEEDS IS BETTER 
EDUCATION. WHEN ONE CONSIDERS THAT THREE-QUARTERS OF A BILLION 

?i:opi*E r:i the world are illiterate and that illiteracy is rising, 
IT marr be the ^Tu:^BER one need. 

CONTROL DATA'S TOP STRATEGIC PRIORITY IS TO APPLY COMPUTER 
TECHNOLOGY TO HELP ACHIEVE QUALITY, EQUALITY AND PRODUCTIVITY 
I^IPROVEMENTS IM EDUCATION. IT HAS THE LARGEST SINGLE- COMMITMENT 
or DEVELOPMENTAL RESOURCES IN OUR COMPANY TODAY. AND THAT'S HOW 
IT SHOULD BE. IT IS OUR CONVICTION THAT IF SOCIETY'S MAJOR PROBLEMS 

r 

ARE GIVEN PRIORITY, IN THE LONG RUN THEY WILL PROVIDE THE BEST 
OPPORTUNITIES FOR BUSINESS. 

IT HAS BECOME OBVIOUS THAT THE SUCCESSFUL APPLICATION OF 
COMPUTSR TECHNOLOGY IN EDUCATION WILL ONLY BE ACHIEVED THROUGH 
WIDESPREAD COOPERATION AMONG BUSINESS, HUCATIONAL INSTITUTIONS 
AilD GOVERNMENT. THESE HEARINGS, THE:^E?k?RE, ARE TIMELY AND 
SIGNIFlCWrr IN FURTHERING TiVS PROCESS A>rD YOUR INITIATIVE IS 
TO BfJ APPLAUDED. 



PLATO 



CONTROL DATA'S ANSV/ER FOR IKPROVINH EDUCATION IS PLATO 
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COMPUTER-BASED EDUCATION. CONTROL DATA PLATO PROVIDES BOTH 
COMPUTER-ASSISTED AIID COMPUTER-MANAGED IM5TRUCT iON , INTEGRATED 
WITH CONVENTIONAL AIID MULTI-MEDIA LEARNfENG ACTIVITIES. 

THE SALIENT FEATURES AND ADVA-NTAGE5 OK CONTROL DATA PLATO 
MAY BE SUMMARIZED AS FOLLOWS: 

IT PERMITS DIRECT, CREATIVE AND RESPONSIVE DIALOGUE, ON 
A ONE-ON-ONE BASIS BETWEEN THE INSTRUCTOR AND THE STUDENT, OR 
ON A ONE-CN-MANY BASIS, NOT UNLIKE THE ORIGINAL PLATO'S OLIVE 
GPOVE ACADEMY. 

BECAUSE THE SYSTEM CAN ACCEPT. REACT TO, RESPOND TO AND 
TEST THE INDIVIDUAL STUDENT INPUT JUST AS IT COMES FROM THE 
STUDENT. PLATO IS UNIQUELY POWERFUL IN TEACHING PROBLEM ANALYSIS. 

AT THE SAME TIME THE SYSTEM IS ABSOLUTELY TIMELESS IN A 
TESTING Aim DRILL' AND PRACTICE MODE. IT CMl MID DOES EXERCISE 
3TUDE.NTS FROM KINDERGARTEN TO PhD LEVEL. 

THE UNIQUE CAPABILITIES OF THE SOFTWARE PERMIT A PERSON 
WITH EDUCATIONAL EXPERTISE BUT NO EXPERIENCE AS A COMPUTER 
PROGRA.MMER TO AUTHOR COURSES 0!! PLATO WITH VERY MODEST ADDITIONAL 
TRAIN' I NG . 

THE 16" SQUARE SCREEN H.\NDLES VERY HIGH RESOLUTION GRAPHICS 
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Ar;D PERMITS SIMULATIOri OF MOST COMPLEX MODELS AS DIVERSE AS 
A CHEMISTRY LABORATORY MID THE COCKPIT OF A JET AIRCRAFT. 

THE SYSTEM IS PROFOUND, PATIENT, PORTABLE, LASTING, 
DEPENDABLE, WORKS T'-^IITV-FOUR HOURS A DAY, SEVEN DAYS A WEEK, 
COSTS LESS A:ID less with EACH DESIGN IMPROVEMENT, AND CMi BE 
CONSISTENTLY EXCELLENT. 

PLATO EDUCATION IS DELIVERED IN A NUMBER OF WAYS. ONE 
METHOD IS THROUGH LEARNING CENTERS. COrfTROI. DATA i^AS IN 
OPERATION ACROSS THE COUNTRY FORTY-EIGHT LEARNII.'G '::ENTER3 WHERE 
PLATO CBE COURSES ARE OFFERED TO THE PUBLIC. MORE CErJTERS 
ARE IN THE OFFING. 

A SECOND DELIVERY METHOD IS THROUGH THE SALE OR LEASE OF 
TERMirJALS INSTALLED DM USERS ' PREMISES BUT CONNECTED TO THE 
VARIOUS PLATO liVSTEMii IN OPERATION TODAY. ABOUT SEVENTEEN 
HUNDRED PLATO TERMINAL.': ARE tiOW lU USE. 

A THIRD METHOD Or 0£;^,LyERY 13 THROUGH 'VtU: SALE OR LEASE 
OF A COMPLETE PLATO CC\PV:"R SYSTEM, 

SUPPLEMENTARY TO THESE METHODS ARE THE CONTROL DATA CBE 
LEARNING VA:IS AND CBE PORTA-CENTERS , THROUGH '^HCH TRAINING 
CA^I BE QUICKLY ARRANGED ATID D£:.IVERZD ITi VIRTUALLY ANY LOCATION. 
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APFLICATIOiiS 

::i ORDER TO provide: THr :'1o::t mE/v:: : rJ^ir':;. PEi^CriLCTi'/E 

'XHZ POTENTIAL OF PL^.TO. I WILL DECOR 1 2E 3R:Er:-V l^OME ^^U'-^ VEUZ r U 1 

U3E3 Ar;D SOME OF THE pRooR/^j-'.^ THAT ARE [j pla:;:;e:) cf /-p.e 

IN AI; early stage CF iMr-LEMENTATIOri . 

EMPLOYEE TRAi:i:!.'0 ; ::;di;3trv maki:.". H:*;iiLY ^l'ocecoFul iizv. 

Or PLATO FOR EMPL^'/iEE TRAI rii:;^; . COURSE:] AiiE NOW AVA:LA:r^E lii 
BASIC MA:iAGEME:iT TRAlIJITiO AC JOUNT I NO . EOONOM.CO. ECT'rMENT 
OPERATION AND MAI NTENATICE . POWER PLAN: OPERATION. C'MPUTER 
r UNDAiMENTAL.: . COMPL'TER PRO' /R. a:-LM N' "/ A.'.'L MANY uTHKR ARFAO. r-'OST 

ARE ::jstrl'ctoR'FREe . 

:he REOf; :re:'1ENts of s:<all h";::::;e^o are :ett:!;o particular 

ATTEST T:^N. small l;!/:: INESSES SPENL MUCii LES:^ D^AN R:0 IiiJS WiESSES 

or; r:ypL0VEE tra::j:no. yet thev neet it more [:e:a;:se the marovns 

I-'jH error are not a:: OREAT an:; Er-TL^v/vv- m-:.T more ErFIC'ENT 

TO HELP OFFSET THE LACK OP KCvNOMTF.- ■ P S -ALE EN.:OYEn iiV LAROE 
COMPETITORS. EMPLOYEE TRAININ'', IN' THE TH AL> : T : '^NAL M/OiN'ER IS 
PROHIBIT :Vr. IN MANY :ASES. 

BL'T TODAY A SMALL HL'SINESS CACI AFF^jRL TO HAVE JUST AS HIOM 
A LEVEL AUh ODALITY OF TRAIN' IN<', AS LAR".E P.O'SIN'ESS THROUOH 



PLATO. 
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CONTROL DATA'Ii irJTER.'.'AL TRAI.'IIilG RE'rORDS SHOW THAT TiiE 
COST TO CONTROL DATA TO PROVIDE EMPLOYEE TRAI'JING VIA CBE 15 
LESS THA:j fifty percent of the cost of traditional METHODS. 
MAJOR DIFFE.''.ENCE5 INCLUDE GREAT SAVi:j.', : IN TIME a:;D TRAVEL 
EXPENSE. THERE IS ALSO THE ADVA/JTAGE ..." l^crrMn AND 3 IMU LTAiNEOUS 

availability of a given course mid its hf/l'^ion's to all employees 
•-'orldwide as opposed to the lengthy atjd ex"l;;s:ve process of 
reaching a large atjd dispersed population w i tm traditional 
seminars ir; groups of 20-25 students. 

SPECIAL EDUCATIQtJ: ANOTHER IMPORTATJT UIjE 13 IN REMEDIAL 
EDUCATION IN TEACHING BASIC SKILLS. AS YOU ARE WELL AWARE, 
SPECIAL EDUCATION TODAY IS COSTLY AS WELL AS TERRIBLY FRUSTI^ATING 

/'MD time-con::uming for teachers, the INDIVIDUAL TEST :-;g, 



PRESCRI'rir.'.'G , FEEDBACK, RECORD-KIEPING AllD ANALYZING — ALL 
DOr.'E MA:a/ALLY — REyUIRE TOO MUCH TIME, EFFORT .AND PATIENCE 
TJ BE DONE EFFECTIVELY. PLATO, HOWEVER, HAS INFINITE PATIENCE, 
IT 13 PRIVATE AI;D DOESN'T NEGLECT ANY CHORES Ul FAVOR OF SOME- 
THING MORE INTEREoTirJG, a:/D IT PERFORMS THEM MORE ECONOMICALLY. 

THE INITIAL ENTRY POINT SELECTEL FOR THIS MARKET IS 
CORRECTIONS INSTITUTIONS. ZE:/ZU INSTITUTIONS IN THREE STATES 
NOW EMPLOY PLATO TERMINALS. 
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BY EARLY NEXT YEAR, COMPLETE BASIC SKILLS CCUR3EWAf<£ WILL 
BE AVAILABLE AT ALL MAJOR LEARNING CENTERS AJiD ADDITIONAL 
MARKETS FOR THE BASIC SKILLS PACKAGE WILL INCLUDE HIGH SCHOOLS, 
MILITARY TRAINING UNITS, COLLEGES AJID CONTINUING EDUCATION FOR 
ADULTS . 

ONE PR0GRAJ.1 NOW GETTING UNDER WAY MERITS MENTION. CONTROL 
DATA IS FORKING AGGRESSIVELY ON A LARGE PROGRAM WITH THE 
GOVERrmENT TO GET INr.'ER-ClTY UNEMPLOYED YOUTH IN THE 16-2?j 

AGE GHo;;p INTO PRODUCTIVE a:;d rewap.dinc jobs, the basic element 

13 COMPUTER-BASED REMEDIAL TRAINING TO PROVIDE THE BASIC SKILLS. 
A PILOT PROJECT IS ALRE.^DY UNDER WAY lU ST. PAUL, PROPOSALS 
ARE IN PROCESS FOR ADDITIONAL PROJECTS IN CHICAGO, BOSTON, 
DETROIT A:;D HOUSTON. 

SECONDARY EDUCATION : SECONDARY EDUCATION IS BEGINNING TO GET 
MORE OF OUR ATTENTION AS WE GAIN EVIDENCE THAT PLATO CAN BE OF 
MAJOR BENEFIT TO iriNER-ClTV SCHOOLS. 

WE HAVE HAD FOUR PLATO TERMINALS INSTALLED IN A BALTIMORE 
INNER-CITY SCHOOL FOR OVER TWO YEAR^i , FINANCED BY CONTROL DATA. 
RESULTS ARE PROVING THAT COUHSE OFFERINGS CAJI BE OF HIGH 
QUALITY, AND TH=: LACK OF BASIC SKILLS ARE MUCH MORE EFFICIENTLY 
CORRECTED. BUT EQUALLY IMPORTANT, THAT ECONOMICALLY A^^D 
EDUCATIONALLY DISADVANTAGED STUDENTF. CAN BE MOTIVATED TO LLARN , 
CAiN ENJOY LEARNING AND REDUCE THEIR ABSENTEEISM. 
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the program is now beirjg exhamded to tverjty-eight 
term::;als spread amc.\'G four schools, half the c:ost of the 
expa^ided progryiam will be paid by the baltimore school 30ard , 

•^ICH WILL ASSUME THE FULL COST :JEXT YEAR. MEANWHILE, BALTIMORE 
WILL BE SEEKING STATE AND FEDERAL FUNDS TO PURCHASE y\ PLATO 
SV.STf.M. 

ALSO TO 3E ADDRESSED IS THE WORSENING PLIGHT OF SCHOOLS 
THE LESS ?Oi-'. „ATED RURAL COMMLTJIT lES . A STUDY OF A SEVEIi- 
CO-JNTY RURAL MINTiESf^TA REGION CON'SIDERED A PLATO CBE ALTERNA'I I '/E 
TO SCHOOL CLOSINGS AND CONSOLIDATION'S. 

BRIEFLY OUR ANALYSES SHOWS THAT A REORGANIZATION Or THE 
CU'RFENT THIRTY-EIGHT DISTRICTS INT'. THIRTEEN CONSOLIDATED 

DisTR u'sinj trai-itional curricula would save about fifty 

PERCENT /.'ER A TEN YEAR PFRICD, AS COMPAiiED TO MAlNTAlNIFiG 
THE STATUS OUO. US IN'] PLATO, BUT WITH N'O COrir.r; L ID AT I ON . THE 
COST IS AijCUl r:rTY-EI->HT PERCENT. AS C0:-:PAHE:j WITH A STATUS 



TO TEr.- PERCENT. THE THIRTY-EIGHT D:STR:cTS CAN PROVIDE QUALITY 

AN'D hrea::'TH of curhicv;lum a:o at TiiE sa-'-^e time retain local 

AUT0r;0HY /VND PRIDE. THE NETWORK AL'.'ANTAGES AND MOTIVATIONAL 
OAPABILITIES OF PLATO r'lORE THAN CFKSETS THE SMALL DIFFEREIJCE 




iri OTHER WORDS. FOR A COST DlrFEREN'CE OF EIGHT 
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HIGHER EDUCATIOri : TH£ US- OF PLATO CBE IN HIGHER EDUCATlOu IS 
INCREASING. IT IS BEV.r> USKD IN VIRTUALLY ALL DISCIPLINES 
n'Z A MEANS OF INCREASING THE PRODUCTIVITY OF BOTH TEACHER AND 
STUDENT AS WELL AS QUALITY OF INSTRUCTION. 

THE SIMULATI'-^N CAPABILITY OF PLATO 15 P ART I'JL'LAR L Y IMPGRTAliT 
•/WERE COURSES ^'^VOLVE LABORATORY EXPERIMENTS. 

CONTINUING EDUCATION : ONE OF THE MOST RAPIDLY GROWING 
APPLICAT.ONo IS CON'Ti:r;iNG EDUCATION. 

FOR EX.\MPLE. TKE /VMEHICAN CHEMICAL SOCIETY RECENTLY 
ENDORSED OUR MANAGEMENT TRAINING COURSEWARE AND OUR LEARNING 
^:KriTER:^. a.', an appropriate T/ELIVERY vehicle. the AJ-IERICAN' 
'JHEMICAL SOCIETY HAS 110,000 MEMBERS, EXCLUSIVE OF STUDENTS 



AND COLLEGE TEACHERS. 



"■S ESTIMATED THAT WITH THE PRESENT 



A 5' 



ENSITY AND i.C^ATION OF CONTROL DATA'S LEARNING CEriTERS, THAT 
,BOUT 60.000 OF THEIR MEMBEH:^ UAN HE CONVENIENTLY SERVED. 



A COOPERATIVE PROGR.iJ.l WITH A COLLEGE FOR TEACHERS IS IN 
THE FORMATIVE STATE. ■-JCURSEWAP.E 70 EE DEVELOPED INCLUDES THAT 
FOP IN-SERVICE EDUCATION TO TEACHERS AND SCHOOL ADMINISTRATION 
THAT IS DELIVERED OFF CAMPUS. APPARENTLY RESISTANCE IS 
rNCREASING BY TEACHERS LFAVrNG THE IR CO MMUN I T lES TO GET 
ADDITIONAL EDUCATION. IT IS CONTEMPLATED THAT 1<0TM CDC 
LEARNING CENTERS AND :N-:.:.::UC -H-NALS WOULD BE USED TOR 
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DELIVERING TK£ CBE COURSES. 

ALSO, THERE ARE MOW MORE THAll 100 PLATO TERHiriALS USE 
BY AGEriCIES Or THE I'.S. GOVERrmEMT . 

THERE ARE OTHER POTENTIAL PROGRAMS IN CONTINUING EDUCATION 
BUT I WILL ONLY MENTION TWO: 

ONE OF THE JEST ENTRY POINT? FOR AGRICULTURE APPEARS TO 
BE THAT OF PUTTING PLATO TERMINALS IN CC -OP LEARNING CENTERS 
TO liACH THEIR PERSONNEL IN MANAGEMENT AND MARKETING, AND TO 
DELT/ER FARM MAilAGEMENT COURSES TO INDIVIDUAL FARMERS. 

THE MOST SIGNIFICAJ^JT STEP IN CONTINUING EDUCATION, AND I 
BELIEVE IT WILL BE FEASIBLE WITHIN THE NEXT FOUR TO FIVE YEARS. 
WILL BE PLATO CBE TERMItJALS VA THE HOyE. i"'E ARE CONFIDENT 
THAT AS SOON A3 r! "UGH COURSEWARE lb AVAILABLE, IT WILL Bn: 
ATTRACTIVE FOR THE AVERAGE AMERICAN FAMILY TO C rfN A PLATO 
TERMINAL. COURSEWARE „OULD BECOME AVAILABLE WITHIN THE NEXT ^ 
FOUR OR FIVE YEARS IF THE FEDERAL 'V)VERNMENT WILL PROVIDE THJ 
ASSISTAiiCF TO EDUC AT lONAL INST ITUT IONS THA'" I WI..., DESCRIBE 
LATER . 



DEVELOPING COUNTRIES 

A WORD SHOULD 3E SAID ABOUT PLATO IN DEVELOPi: "! COUNTRIES. 
THUS FAR CONTROL DATA HAS COrJCENTRATFD KNTRY EDUCATIONAL 
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EFFORTS IN DEVELOPING OIL-RICH COUNTHIES. EDUCATIONAL PROBLEMS 
THERE ARE THE SAME AS IN NON-0 1 L COUt^TRIES — THE DIFFERENCE 
OF COURSE BEIN^ MONEY FOR DEVELOPMENT. THE PROBLEMS IN 
LAUNCHING AN EDUCATIONAL PRO.JECT IN A DEVELOPING COUNTRY 
ARE ti^iORMOUS. AFTER THREE YEARS OF EXPERIENCE IN INSTALLING 
TRADITIONAL TYPlS 0.^' EDUCATION IN DEVELOPING COUNTRIES, IT IS 
CLEAR THAT THE.ONLV WAY THAT ADEQUATE EDUCATION CAN BE PROVIDED 
IS THROUGH THE USE, OF A- COMFUTER^BASZD EDUCATION SYSTEM INTEGRATED 
WITH convention;. L A:ID multi-media learning ^METHODr . SATELLITE 

communicat:'"':j will be particularly important. . 
courseware 

- A KEY element IN THE SU.CCE3S;0K COMPUTDR-BASEO EDUCATION 
IS THE MEANS TO AUTHOR COURSEWARE OF HIGH QUALITY AVAPTED 10 
THF. unique: CAPABILITIES OFFERED. BY PLATO. WE HAVE MADE , A 
LA.tGE INVESTMENT OF TIME AND DOLLARS TO SATISFY THIS REQUIIiEHENT 
BY MEANS OF A PLATO CURKICIJLUH CALLED "CREATE". IT PERMITS 
INDIVIDUALS OF WIDELY VARYING BACKGROUNDS, TRAINING S'^ILLS ATiD • 
LEARNING RATES TO BECOME EFFIC ISffj?-' COURSEWARE DEVELOPERS. THE 
FULL CREATf CUBRICULIM IS COM^^^■:■£H-ASS ISTED AND ENTAILS ABOUT 
^SO H<;'. H3 OF INSTRUCT ro;i. 

X GRO'. .-.-G rWMBER JV PERSONS AUT^HCR COURSEWARE FOR PLATO — 
AT PRESEN"^ ABOUT 2', 000, OF r^V.lCH 250 H/vVE ROYALTY AGREEI-'EI'TS 
WI'^-' CONTROL DATA MARKET THEIR COUPSEWAI.E. 
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THEni£ IS MORE TO B- oAio ahoi;t PRK^h::!: Ann r-.Aruiu:) . 

HOWEVER 1 BELIEVE ENOUGH EXA>^?LE£ HAVE nEE:: JOVEHEl; TO ;-HOV:^K 
PERfirECTIVE 0:i THE POTErJTIAL OF PLATO CBE. 

wh::.e ??.0';h?s,z ha:; eiek:; 'iRATipviri^; :n MA:iy F<?:.:!'h.<"::^l i? 
13 r;aT rJEAH: v ghea': e:;-uwH whk:i MKA::iJi<r:i. A:;A::i:vr 'iHr; :hr.MK::no[;j 

::r;ED r^R 3ET7ER EOUC A7 I . 

Ai:: AiTM ANY :;r.v; E:r:EHPR::;E, barrier:: -rr^ pr^-.wF^ej/ ahf 
Aii!;:;: A:r. o::?: i;; TfiAT of THr: PEK'^EPTioii ok the ^ojt of ?!.ato. 
oFTEn IT 13 pi-rceive:; al; too hvai because the fo.:!::.; i:; put on 

THE crf.:T OF PLATO PER 5E, A;! OPPOSED TO THE C'O^T , E FFE::T : V I T V 

Or PLAo,. ::: A:):)iT:cri. cbe is riOT usually viewep a:^ a:; 

:nTESRAL FART OF THE ELU^ATIOriAL PROCESS. H:;T FEROELVED AG 

AN :;rK -':;o:-L : :iCPE:^E::': to TRADVTiotiAL :.^eth>;:^^ . 

r/pri THOOSH PLATO [O OOOT KFrF;r;VF TODAY IN A NUMBER .)F 
ARKAO, TO-TU AijE .iiOM T'O.AY ;0M;aRE: : TRA:.:-:inriAL EDUOAT'On 

::i OTHER AREA.: an:- -.mpare: :x> what oriEv will l^e ::; the future. 
.:ato 0';o:o are deoreaoino anp vill o^:;t:::ue th:o trend seoause 
OK ADVANoiNo TEOHN L ov ANO inorea;:ed o;:a:e. meanv;h:le. 

rRAL -0 NAL EPO0a:P;NAL :00:0 viol 'ONTrNUE TO R;^E. 

EVEN ■^HEFE Oi-F I/ N- YET 0 T -E F "T : VE . 17 IS NONF TOO 
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SOOr/ FOR EDUCAT-IOriAL I NST ITUT IONS TO START USING CBE OU A 
PILOT BASIS, IN ORDER TO PREPARE TO TAKE FULL ADVArrrAGE OP" 
ITS POTENTIAL. HONEY FOR PILOTING IS HARD TO COME 5V. MOST 
EDCCATIONAL I NSTI TU TlOflS ARE TOO STRAPPED FOR FUNDS FOR 
TRADITIONAL METHODS TC OBTAIN MONEY* FOR CBE . 

THE FEDERAL GOVERrn-lENT SHOULD ESTABLISH A SOURCE OF 
FUNDING FGR EDUCATIONAL INSTITUTIONS FOR PILOTING CBE. THROUGH 
SUCH A CATALYTIC APPROACH E.\CH INSTITUTION V::,L GAIN- TANG I RLE 
EVIDENCE ON WHICH TO RE-ALLOCATE BUDGETS. THUS, CBE WILL 
BECOME SUPPORTED WITHIN INSTITUTIONAL BUDGETS AND A GREAT 
SURGE IN THE USE OF C3E WOULD BE ACHIEVED WITH MHilMUM COST 
TO THE FEDERAL GOVERNMENT. 

OTHER EiARRIERS 

ANOTHER HARRIER IS THAT OF THE TKRuEIVEP JOB THREAT TO 

TEACHERS. PR' )M;CT I V IT V IMPROVEMENT .MPLIES FEWER TEACi-iERS PER 

STUDENT. THIS C/ai BE A SERIOUS :'R0B:.EM THA ;■ IS MADE WORSE BY 
DECLINTNu ENR^J :..LMKNTS . 

BUT THIS PROBLEM IS NOT NEW IN OUR SOCIETY: THE ENGINEERIIiG 
PROFESSION .WENT THROUGH A SIMILAR PERIOD OF ADJUSTMENT Hi' 
ACCOr.WODATirJG TO DECREASING DEMAJJD .ALONG WITH PRODUCTIVITY 
INCREASES PROVIDED BY THE COMPUTER. BUT THE OUTCOME WAS THAT 
THE ENGIN'EER WAS FREKD OF M/MJY REPETITIVE A^ID BORING TASKS BY 
THE COMPUTER MID IS ABLE TO COfJCZNTRATF HIS EFFORTS MORE HEAVILY 
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IN CREATIVE TASKS. 

SIMILARLY, A PROFOUrJD "rjR ICHMENT CAll 3E ACHIEVED Ui A 
TEACHER'S JOB AND THE PROFESS lOFIAL STATUS CAN 3E GREATLY 
ENRANCED BY RELIEF FROM REPETITIVE /^JiD TIME-CONSUMING CHORES. 
ANP WITH PLANNING, THE TRANSITIOIJ INTO A MORE CAPITAL-INTENSIVE 
"SYSTEM CAN BE ACHIEVED SOONER WITH LESS DISRUPTION TO INDIVIDUAL 
CAREERS. 

IN ADDITION, THERE IS RESISTANCE TO CHATJGE FOR MYRIAD OTHER 
REASONS — ir/STITUTIONAL INERTIA. CONCERN FOR MAINTENANCE OF 
INDIVIDUAL STATU?. THE CO;«'FOHT OF THE STATUS OUO . AiJD SO ON — 
MUCH THE SAME AS IN ANY OTHER PROFESSION. 

ANOTHER f-'OTENTIAL BARRIER CAN BE AVOIDED IF FEDERAL 
REGULATION DEVELOPED IN OTHER CONTEXTS FOR OTHER PURPOSES, SUCH 
AS REGULATION OF OCMMUNrCAT IONS COMMON CARRIERS, IS NOT EXTENDED 
TO CBE SYSTEMS AND NETWORKS IN A FASH ION THAT COULD INHIBIT THE 
DEVELOr-MENT OF THE WIDEST POSSIBLE POTENTIAL FOR CBE . 

FUTURE 

W:TH THAT BACKGROUND, LET'S LOOK INTO THE FUTURE OF 
EDUCATION. 

FIRST. IT SEEMS Cl.EAJ^ TO ME THAT ADVANCING TECHNOLOGIES 
HAVE DEMONSTRATED THE POWER TO REVOLUTIONIZE THE PRODUCTIVITY. 
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gUAUTY .MID V/AILABLLITY OF KDUCATrO:/. . THE PRIIICIPAL 
TECHNOLOGIES ARE THE ELECTRONIC ONES TELEVESEOtI, RAD EO , 
AUDEO AMD VEDEO TA?ES AtlD DISKS, COMPUTERS, COMPUTER 
CGNFEKENCirJG, CABLE TV, MECROWAVE AtJD SATELLIT^^ TRANSMISSIONS, 
AND, OF COURSE, PLATO CBE. 

THESE TECHriOL'.-)G:£3 WELL BE A:3SEMBLED AIJD COriFIGURED INTO 
A PI ATO SYSTEM TH.-T: 

1) DOES VHAT THE PREliEMT EDUCATIONAL PROCFSb DOES, BUT 
DOE'J [T CAP ETAL-rriTENS EVE Tr! /Hrr '..OC.IES , RATHER TH.ATl 

TRYjh'G to DREVE 5TELL HARDER A LABOR- Itl TEI13 1 V£ PROCESS TFl>^r 

<:,yri at p.e:^.t ojjly stagger utjder the loads of higher needs, 

HI IHER KX^ECT/^TjOIIS a:ID HIGHER t\:i\) HIGHER COSTS. 

?) ■TAH 'HEAD ELY ADAPT TO GTl'DElITS ' INDIVEDUAL NEEDS A!ID 
irJTEHEjTS a:J[' thug be able T'; adequately HAriULE /■IFFEREMCES lU 
LEARTI : :IG READ ; .'iKo 3 , AB .'LIT/ AiND ■••/ 1 D E V/. H . A :" IO: iS E U : riTEHE VT AIID 

ASP I RATIO r;s . 

7,1 DEMVEHS. EDl'CATrorJ 0 !■ UMIFOHMLY HIGH QUALITY "HAT 
IG READILY ACCESSIBLE TO ALL -- TH'JS AC!i : f-.V EHG BOTH COr 2 I?.TEN 
OU.-yLITY AMD EQUAL IT" hDUCA T . WT-i!'. ; L.TtJRAL BIAS. 

^* J : L L COPE W E TH T H K r" "iO W LE L C, >: . -.RE E S A 

C0:;CEM3YS THAI KMOVLEDGE WILL GPOW EIGi-i' "G "IMES D'JRIMG 
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THE :jext TWr::;TY-r iVr: -^zAiiZ. :::iu:y. ::a:. '•^u!*AT:ofj is 

:iOT meh:ti;i'^ curpe:;: t;EEDS, it ca:j:; »t iiE KxrECTi-iD -lo 

COPE wr:H a:; [:icrease of r-iis xa,::.: v. tmis ?A:i oriLv be 

ACHIEVED THROoOH T!ir: i::iTE':RAT 1 T:;: IM^ a^.I'.; A : I Cf : AL rRQCy.S3 

Or HIGH vol:jm>: a:id read ri/i-A'Jc*'::. • cov::;: :• mfi^ohies . 

3V THE LATE 30 ' r; . IJATLONAL Ar. • ! :; VK-^TiAT ; 0:!AL ril-TV/ORK:. OF 

CHE LEA?:ii:iG ':e:;tehs emerge. the U.S., i-oR e>:a:-!;^le, 

THERE WIM. HE A :r;MBER OF Ilinf i E::! M ;.V ■:WNEL' :!ETV:ORK.; — 1 M 

SOME RE^r-ECT:^ :iOT IKE the t\ .. -vokk.: f'F to:3av . o:i '.ocal 
?AC:5. th:3 wow:..:) involve the ■:.:e ; oAf^.:- :ELE-/:o:rc; Afji> 
:-::i:ro'.vave . o:: a :iAT:o::Ai a:.l :.;:r:H:i;-.T:o:iAL \i;^\z, ■ ^ . li i te 
'•'V^ii;:; :-:a;' i rj will y.z u:'ED 

:!;E3E LEARriINO OENTEr. L' .vOi^LS WILL ARi:. L -CM THE 
00^)1- .'SAT : 7E E?;-.':iVIV, ;F /O^MEvo, 0 EHliMEul z flD ELCC AT lOI^AL 

iMOTiTCTiorii; . Mi;LT::iAT:or]AL :l w.' .. '-.oh:-':: A::n operate 

A r;'j:':L :l ■ ^ ihem. o l '-^^l. • :::a ■■: . ' ; L;;ArE oOme. a f 

riETWORK WILL "HETA;:." LLfviAIL):; L; vHRO'jOH LEARIIIHO 

cEiiTERL OR '■v/hole::ale" :o j'-heh :.al irrrrrruTior::: , 

OMALLER C'lMPArilEO WILL jLERAI-; .-.ARIJIIiO '^LLTER.^ . LARTVULARL 

i:: i-:electel vo-'at i l .' . : /.* :e lllllElh w.ll al::o 
r'ifiLiriH a:;:) retai:. to-to^ -. . ;:r ;he lame maliier as 
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• TR.^DITIOMAL EDu'CAT iOr/AL MATERIALS AHK MARKETED TODAY. 

COURSEWARE MUST BE OF THE HIGHEST QUALITV. COOPERATIVE 
EFFORTS AiMOriG EDUCATIONAL IHSTI TUTIOnS , At'Ttv^R TEAMS a:iD 
INDIVIDUAL AUTHORS WILL IIlSu'RE THAT THIi: OHJECTIVE 16 ACHIEVED. 

irr/ESTMEr/TS irj n/oxviDUAi, courses of a milliot: dollars or piohe 
will, often be required to produce the re»juirr:i; cuamtv. 

conclusion 

IN CONCLUSION, LET ME EMPHA:3IZE THAT IN' THIS PRKSEN'TAT ION 
I HAVE ErJDEAVOHED TO AVOID Ai'STRACT IONS AND MIN.Mir.H 
SPECULATION — RATHER, TO PROJECT I .NTO THE FUTURE WHAT IS HERE 
AND NOW. 

THE PLATO CUE SYSTEM IS HERE IT IS COST-EFFECTIVE NOW 
IN MANY AREAS. EXP.^NSION INTO VIRTUALLY ALL AREAS Or EDUCATION 
WILL HAPPEN. IT WH.L RELIEVE THE PL:.CHT OF IN'NER-CITV ;\ND 
REMOTE RURAL SCHOOLS, IT WILL MOVE INTO THE HOME, IT WILL 
REVERSE Ti-iE TIDE Or ILLITERACY IN TilE WORLD. 

THE PRINCIPAL UNCERTAINTY IS THE TIME REQUIRED TO ACHIEVE 
THESE OlMECTTVES. IT CM\ BE 'JREATLV SriORTENED IP THE FEDERAL 
OOVERNMEr:T WILL PROVIDE FUiiDING NOW FOR SCHQf.fLr, AND UNIVERSITIES 

TO PILOT ':be. 
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STATEMENT OF WILLIAM C, NORRIS, CHAIRMAN AND CHIEF 
EXECUTIVE OFFICER, CONTROL DATA CORP. 

Mr. NoRRis. Thank you. I will not present the complete text. 
Instead, I ^vill highlight its salient points. .1. 

First, 1 want to say it has been a pleasure to participate in this 
hearing. .\s general background, I think it is certainly noted that one 
of this Nation's most urgent needs and one of the worhl's most urgent 
needs is ecUication. In my company a top priority is to apply greater 
technology to help achieve e(iuality and productivity improvements 
in education. . , 1 

Education has the largest single commitment of development 
resources in our company today. That is how it should be. It is our 
conviction that if society's major problems are given priority that, 
in the long imiu, they will provide the best business opportunities. 
Control Data's answer for improving education is PLATO, computer- 
based system. \ • 1 1 

(\)ntrol Data'i; PLATO provides both computer-assisted and 
coniputcr-mauiigcd instru(;tion, integrated with conventional and 
multimedia learning activities. Since there will be a demonstration 
of PL.VTO by Dr. Bitzer later, I will not take time to talk about 
IMi.VTO's i)articular ecpupment features. In.stead, 1 will move onto 
.the metlicds of delivery. 

PLATO education is dolivercMl in a number of \vays. One method 
is through leariug centers. Control Data has in operation across the 
coiintry 4S learning centers where PL.VTO courses are offered to the 
public." .\dditionarreiiters are being planned, 

The second deliverv method is through the sale or lease of term- 
inals installed on the user's i)reniises, connected to the vanous PLATO 
coin[)uters in operation today. There are now about L700 PLATO 
terminals in us<v V i r 

.V third method of delivery is, of course, the actual sale of a com- 
plete PL.VTO computer svstem. Supplementary to these methods are 
the" Control Data learining vans— what we call our portap-centers— 
through which training can be ([uickly arranged and delivered in 
virtually aiiv location. . 

In order to i)rovide the most meaningful perspective on the potential 
of PLATO, 1 will describe hrielly some successful uses and some of 
the i)rograuis that are being planned or are in an early stage of im- 

''^7ndilsti-ris making highly successful use of PT.ATO for employee 
training. C'our.ses are now available in bjisic management traming— 
accounting, economics, equipment operation and maintenance, 
power i>lau't operation, comi)Uter funtlamentals, computer progi'ammg 
and luanv other areas. Most are instructor-free. 

The requirerneuts of small husiuess are getting particular attention. 
Small businesses si)end much less than big busiues.ses on employee 
trainin^r vel tliev need it more because the marguis for error are not 
as irr(Mit aral (Muj)l()vees must ho more eflicient to help offset the lack 
of (M-onomif's of srafl enjovcd l>v large roiupelitors. Employee training, 
in the traditional manner", is prohibitive in many cases. 

But to.lav a small business ran afford to have as 'cvel and 

. (piality of training as a large hu.siness, through PLAIO. Control 
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Dtitu's int(M'nai i.rniniiif,' records show tluit lUv cost to Control DnUi 
to provide oniployec trMiuinir via (•()niput(»r-I)iiso<l (Hlucation ((UiE) 
is loss th:ui 50 i)('r('<»nt. of tlie cost of tnulitioniil methods. Major 
difrer(»ncesiii(:hido*zrcat saviiiir?; in time mid tr:ivel (»xj)(»nse. 

There is also iidvnnta^(» of instjint :iti(l sinndtiuieons availa- 
bility of a <r\von (:o;irs(» arnl its r<»vi>i()iis to :dl employees worhUvidt* as 
oppos(»d to th(» len<;thy and expensive i)rocc>s of r(»a'chin^ a lar^(» and 
dispersed j)opidation with traditional seininiirs in irroups (>f'^2()-25 
stuch'nts, 

Anoth(»r imj)ortjint us(» is in remedial educjitKMi in t<»aeliin^ hnsic 
skills, I won't «ro into that htM-ause it was coverf'd very well hv previons 
speakers. 

The initial entry i)()int thai wc have chosen fta Hns nuirket is in 
correction institutions, 'i'oday, >even inslitiition> in lln-e Stat(^s now 
employee IM..\T() terminals. 

By early next \eiu", c(>mpl(»te hjisie .skills courseware will Ix* a\'aihd)le 
at all major learniiiir «MMit(M's. .Vdditional uuirkets for the i)asic skills 
l)iu'ka<,'e will in( Inde lii<,di schools, military trninin.L' ur\i(s, colh^^es and 
contiiumur educnti^-.-. for ndiilts. 

(Jru» pr-oirrjim lunv ^^ itin*^ urulerway merits mention, (outrol Data 
is working.; ai:Lrr'essi\-ely on a lai'^^e i>roi:ram wiih tlu* (lov(»rmnenl tf> 
tr< t imeM' > ity 'nempl )yed \-oulh in the Ml 2") uirr *:roup into produc- 
tive* ; nd reu cu riuiLi .pd». 'i'h;- l);i>ic (-Irment is com[>iit(M'-l);}sed renuMlial 
traininiz to provide- th»^ l>Ji>i** >kill>. .\ pilot pr(;jcr t is alread\- und(M"way 
in St . P.MiL p!'opo>al> Mre in pr()ce>s for nddil ion;d projects in ( 'hicago, 
Bust(;n, I )ct roit , jind iIf>tiston. 

S(»eo;idai'y educjjtion is heLrimuuLT to ^ct mor(» of our- att(Mition as 
wc LTJ'iu (»vidence that Pi.A'i'O c:in he of. nutjor* hene'ht to imuM-city 
s(dioo!s. 

We luivT' luid foui' ) tci-mimds Inst mI led in a Baltimore 

inner-C'ty s(dioo| f(M- o\-iM' 2 \-e;trs, fiminced ('onlrol Data. R(»sults 
are | I'ovinir that course oflVrini^s c;in i>e of hiu'h <pudity, aiul the lack 
of h;isic skills ;we miu'h mort* ellicientl\' co[ |-ecied. I'!<j:udly important, 
we hiive found that economicidly and e(hM'ationjdl_\' di^advanlii^(*tl 
stucicTits can he moti\';ited to le::i-n, enri enjoy lear'uinir and i-ediu'e 
theii" ahsente(M>ni. 

TIk* proL^ram is now Ixmult f'xpanded to 2s t erminals sj)r'ead amon<i; 
fou I' schools. I lalf t he cost of t he expn ndetl proL;i';im w ill he j)aid hy t he 
Baltimore School jionrd. whuh will jis>ume the fidl co^^t ni»\t year. 
Meanwhile. I'nltinMue will he >eekinjr Slate :ind ivderal funds to 
pui'ehase a iM.A'i'( ) sy>fem. 

Also t*) he addre>>ed is tin* woi'senirif: pli.^ht of schf)ols in the le.<s' 
popnhUi'd rural coimiumli u»s. A se\-(Mi-count y I'ural Mlmiesota re<rion' 
considered m IM>.V'!'() ('BM tdt(M'mttiV(» to s(d!ool closiii>xs ami 
(•onsolid at ions. 

Bri(»fly. oui' an}dys(»s show- that a I'eoi'trjiiii/ji t ir>n of the cui'rent ^^S 
districts irdo 1:5 fon>()l!dat»'d d sii'ijts us nir ! radit i()mil curi'icula \\o\dd 
s ve a! out .*{() jxu'ccnl o\'ei' a Ut-yi*ar j)eriod. a> compareij to nuiin- 
laininir the statu- <pin. 

I'siiiir r'I>.VT(). l>ut wiih W'i cnii-olidat ion, tin- c(»st is ahout 5s 
p(*rc(Mit . as com pared with a a r us (pio >i t ua t mn. In ot her woi'ds. for a 
(•ost di(ference of s to 10 j)ercen(. the .'5s districts can pr'.)vidc (piality 
and breadtii of curricidum and at the muu*' time retain local autonomy 
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nnd |)ri.l(-. Tlu" iictwurk M.lviinhii:.-s .md iih.i iviitionn! cnp.il.ilities of 
rLA'lO iitoro thiiu olFx't the mumII (lid'crciiccs m cu-l. . 

Tho use oi 1 l.ATO CHK in hiirlicr .•diKniioii is iiicrciisin<:. It ly 
l oiii" used in virtuidlv idl d'sc ipliiics ns ,i luciiiis of mcrciisinj; the pro- 
duct n it v of !m, I li tcarlicr iind >tu.liMii !is well as (piMliiy ot iiisl niction. 

'VUv siinulMtion CMiMdHlil v of l-l.A'l'O i. pnrt ;cuhuiy imimrtiint 
wlicrc (")ui-*'s inv()l\(' l!d)oi'iitt)i'\' cNpi'i'linciits. 

Oik- of tlu- mo.-\ r.ipidly !.'rowin),' iipplicat ions is coiuiiuiin': 

eductit ;f>i\. . i 1 I .. 

For .'xiimpli\ llu- Anicficim ( 'ImmiuciiI Nx'icly ivccnily ."ndorscil oiii 
niiiniiwinrMit tnnnin.u' com'scwaiv inid our l."!irnin;_' (•.•nt.Ts .is ''I'l'''''- 
uriMt.' ddlv.'rv vohi-l.". Tlu" Am.M-ic.in Clu'inicd >o.'icty lias l lO.tHK 
moniluTs cxc'lusiv." of s'.nd.Mits niid rollc-o tcurlu-rs. It is,.-stimaU"(l 
tluit w til tlH" pivscut dciisilv Mild locMlion ol Control 1 ).it ii s k'iiniin<j; 
c.Mitcrs, that nl)oM (ID.DIID of ilicir nuMidi.M's can l.c coiivcniiMit ly 

'"' '"•vVoVp -rativc pro!:ram with a colic;:!" I'or tcacdu-rs is in the fornnitive 
^tii".' ( o ir~c\\iirc to l.c developed includes lliai for m-service cdue.i- 
tion l„ 'e clier^and school Mdiiiin:st rat ion that is .hdivered oil catnpus. 
Anparrnl'v. ivM>l~ance i> increa>iii- hy leadieis m leaviii- tlieiy 
clniniuni "e- to J-'d a.ldilional education, It is c.iit enip-lated that 
holhCc n n.l Data ( 'orp. (CDC) learniiii: center, and oii-cani|.us tenni- 
naU woidd he ii~e;iiM'nr deliveriiii: the CBK couix's. 

Also, there aiv now more than UH) PLATO lerniinals m use l)y 
a'^encies (>:' the T.S. C.overniiien( , ■ . ■ , y 

There are oihcr potent ial prou'ianw m < out iniiin;_' education but i 
will onlv nicniioii two: . . , 

One (".f ihe hest eiilrv point.- for au'ricidl ure appears to lie li. ol 
niittiii'' PLATO liMiiiiial.- ill co-op learniiii: centiM's to tea. ii tlii-.r 
personnel in niana-.'inent an.l .i.iarkei in- and. to deliver larin mmm'^c- 
liient CI 111- e.- to iii(li\ idiial farmers. i i r , it 

'I'he I o • -i'Miilicaiil .Mep in contmnini: (Mhicatioii -1 l>ehe\ ' it will 

h. . f'a-ll „. wdhni .he iicm' l to 5 veai- will he PLATO CUK tenni- 
naL in H e home. WV are , onli.lenl that a- m.oi, a- eiiouizh coursewaro 

i. avail.' !.• it will he aitraclive lor the avera-e Aiiiericaii faiiiily <<) 
own a I'l.'vTO lerm.iial. Coiii-eware would he. ..nie availahle witlilll 
the n.'Nt -l or f. >eai- il' the Federal ( h.veninu'nt will provide the 
;i--islrlici' lo edi'ialion ill-l 1' U I ion>. 

A w..rd -ho„M le ^a,..l ahoiit PLATO ,n dev.. .. pin- .•.,un lies, 
'Ihu- far C.iitrol Data lua- .■oii.-.Mit rat .•. i .aury ...IihmI loiial ellort^ 
ni dev.-lo| i v oil-ri. h .-..untrie-. hi. h:ca I H.iia 1 prohl.an- tlieiv are the 
Mime a.- ;l:o-.- in nmioil ...unt ri.-.-, th.^ .lilfeivn.-.-, ol course ,.eii, ■ 

,„,.,„.v f.w .i.^ve ueiit. The pnil-l.^nr- n. lainu hm- ,.n e.liieatumal 

,,:-,,i,.,'t a .l..vl..piii- v.Miniiy aiv ..norinor,-. Ail.-r:; years of experi- 
, m .no.^llinu' t ra.ht lonal ivp.- ..f ...iu.^ai i.ui in .l."V."l..piie_' coiin- 

„ , l,.„r ihat <hr ..iilv wav that a.l.^cpiat." .aliwation •■an he. 
provi.i...! !- ihivM-h tlu- n-.-'of a .., input. ■r-ha-e.l e.hication .-vst.Mn 
,nl."'ial.-.l with .,.iiv.'nli..nal au.l liiullim.'. 1 la l.'ariim- liietlio.ls, 
Sateihi.' .oiumiini.vii.^n- will h.- pr.ri u nlai ly imporiani 

\ k.-v .■l.un.aii m ilu' -ic ~ ..f .■..mpnt.-rd.a-.Ml .•..ucatmn is the 
n..'.an-n, aulluu' .■..uiM.waiv ..f hiL'h .pudity a.lapl..! I., the uniqiU" 
,:,pal di;i.'> ..ir.'iv.l !.v PLA'IO. W.' have nia.le a larp" uiyestment of 
time and .lollai> to ^aii.fv ihi- iv.pi ireiiieiil l.y mean.- .Jl a i LAIU 
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c-iirruuihnn cullod ( ]RKATK. It permits individuals of widely varying 
backgroimils, training'- skills, an{l IcMunin^' rates to beroine eHicient 
courseware developers. The full CREA'lE curriculum is computer 
assisted and entails about 250 hours of instruction. 

A growin*: number of persons author courseware for PLATO— at 
present about 2,00^, of which 250 have royalty a^^reements with 
Control Data to iny^kct their courseware. 

There is more to bv said about present and planned uses. However, 
1 beheve enou<,di examples have been covereil to proviile a perspective 
on the potential of PLA1*CI(1^>E. 

Whde progress has been <rratifyinj^ in manv resTjects, it is not 
nearly <;reat enouj^h when measurotl against the^tremendous need for 
better education. 



One IS that of the ])ereeption of the cost Of PLATO. Often the cost 
IS perceived as too high because the focus is Dut on the (!ost of PLATO 
Mnr^'"- ""^ opposed to the cost effectiveness of PLATO. In addition, 
. BL IS not usuallv viewed as an integral part oi the educational 
process, hut perceived as an unfunded increment to traditional 
methods. 

Even though PLATO is rost efTective today in a number of areas, 
costs are high, today compared to traditional education in other 
areas and compared to what they will be in the future. PLATO costs 
are (hM reasing anil will continue this trend because of advancing 
technology and increased usage. Meanwhile, traditional educational 
costs will continue* to rise. 

Even where ('BE is not yet cost effective, it is none too soon for 
educational institutions to start using ( 'UE on a i)ilot basis in order to 
take full advantage of its potential. Money for i)iloting should be 
provided. Money for piloting is hard to come by. Most educational 
institutions are too strapped for funds for traditional methods to 
obtain money for (*BE. 

The Federal Oovernment should establish a source of funding for 
educational institutions for i)iloting CUE. Through such an approach 
ear^li institution will gain tangible evidence on which to reallocate 
budgets. In tins way, ( *BE will become suppoi tetl within institutional 
b\idgets and a great surge in the use of ('BE will be achieved with 
minimum cost to the Federal Oov^'rninent . There are other barriers 
that I <-ould talk about, but, with that background, let us look into tliC 
future* of (Mlucation. 

First, it seems elear to me i\\nt advancing ccchnologies have demon- 
strnuMl the fiower to levohitionl^e the janductivity', the ([uality and 
availabdity of (>ducation. The [)rincipal technologies are the' elec- 
tronic ones- televisi(ui, radio, ainiio and vidt'o tapes and disks, com-, 
puters. ((uuputcr c()uf(>rencing, cnble TV, mieruwa\e and satellite 
transmission, and. of eourse. PLATO i 'BE. 

These teehnolf)gies will be assfud)led, are being nssemb]<?d, and con- 
flgur(»d into n PL. VT( ) system that: 

First. I)o(»> what the present educatiomd process does, but M'ith 
caj)itaLint(Misiv(» teehnoloLdes. rather than tr\ ing to drive still l.arrier 
for a labf)r-iiit(»nsiv(» prfxfss that < a/i, at best, only stagger under the 
loads of higiier needs, higher expectations, and higher costs. 
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SecomL Cmi rcudiiy adjipt to stiHl(MU'>; individual needs and in- 
terests and thus be able to adocnuitely hanrfle differences in learning 
readiness, abilitv. and wide variations in interest and aspirations. 

Third. Can (feliver 'education of uniformity high quality that is 
readily accessible to all, thus, achievini: both consistent (luality and 
equality of education, without cultural bias. 

Fourth. Will coj)e with the knowled^re explosion. There is a consensus 
that knowlcdi^c will grow S to U) times durmg the next 25 years. 

Since traditional education is not meeting current needs, it cannot 
possibly be expected cope with an increase of this magnitude. This 
can only be achieved through the integration into the educational 
j)rocess of high vohune and readily accessible computer memories. 

By the late lOSO's national and international networks of ('BE 
learning centers will emerge. In the United States, for example, there 
will be a number of indepemlently owned networks —m some respects 
not »mlike the TV networks of today. On a tocid l)asis, this would 
involve the use of cable television and microwave. On a national and 
international basis, satellite communications will he used. 

These learning center networks wilt arise from the cooperative efforts 
of business, government and educational institutions. Multinational 
companies will fashion and operate a number of them. School consortia 
will operate some. A network will retail education to the u'^cr through 
learnincr centers or wholesale it to other educational institutions. 

Smaller companies will operate learning centers, particularly in. 
selected vocational areas. i';i'vate business will also pul)lish and retail 
courseware, in much the same manner as traditional educational 
materials are marketed today. 

Courseware must be of Uk- highest qiuility. Cooperative efforts 
among educational institution-, author teams and Individual authors 
will insure that this o'hjective is achieved. Investments in individual 
courses of a million flollars or more will often he re(iuire(l to produce 
the retjuired (pnility. 

In conclusion, let me eni[)hasi/.e tiiat in this presentatioTi T have 
endeavored to avoid iibstriict ions and minimize speculations — rather 
to project into the futme what is here and now. 

The PLATO i -ystem is here. It is eost effective now in many 
areas. Expansion into Virtually all areas of eihu'ation will happen. It 
Will relieve the plight of inner-r-ity and remote rural schools. It will 
move i[ie home. It will rever.-'e the tide of illiteracy in the world. 

prinr-ipal unrertainty is the time required to achieve these 
i)l>;i'r-:i vV.-:. It can Ih- triva tly -hnrten(^(l if the Federal Government will 
prc>vi{!f funding now f(^r --chools and univei'sities to pilot CBE. 

Mr. Bkiukxsdn. 'I'hank you. Mr. Xoiris. 1 think we have some 
((Ufst ions for you. 

Dr. SwANso.\. Thank ycui Mr. Chairman. First of all, I would like 
to get into the questioii of nhat Control Data sees as the major 
market for the PLATO .-ystcm? Where are \ on targeting your sales 
canii>aii:n*.' '^'ou mention mdiNtrial training, government, et cetera. Is 
th'MT a major thrust fo the sjile> ram[>algn or do you see all market 
segment < as al)ie to u'tilixj' PLA'^rO'.' 

Ml-. Nouins. First indu>tr.\ we are emptui^ii'^iii? management 
training in virtualh any unhT-Try, inclu.ung the training of various 
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skills such )is jjowcrphuit ojMM n t loii, ronipiiUM' inaint (muuicc and roin- 
[)ut(ir j)r()(;ramii^i. SccotuI, in pffuil (Mlucniion, toachitit^ hiisic skiils 
IS jinotlior priority, oipuil to tluit of nuliistry. lly the first of th(i your 
we liope to able to oli'or tlnv-r fourscs in our leaniiii^^ ccMitcrs. Wo 
will do tliis ill a nundx'r (»f wji\s. One is in conjiinction with schools, 
V')V those, people who can nlTord ii, they cuii ha\(* their chihlren work 
directly in the learnin*^ ccntci'. 

A third area of course, i> hi*^dicr cdiicjitiou - this is an extension of 
what the lJni\'ersity of Illinoi- ami ,-cveral other nniversities which 
have PIjATO have done wc ai-c lnnldiii<: on th(» ^q"(»a( investments 
that the National Science Koundation, the I'nivcr-ity of Illinois and 
other nni\'ersities have made. 

Mr. Svv-ANS(jx. I would like in f(illow \\\) on what we wen* tidkin^j; 
ahout with the two pr'e\'ions witne-.-e>. And you ju^t mentioned the 
role of Federal oriirinal ion fund- li» <„^et the hall rolliri;.: on this [)roject. 
Could you descrihe in ^n-ucral the njiture of your a.i:ri*ement with the 
I'nivei'sity of Illinois to ^mvc \\> uu iilea of whether funds in these de- 
velopni(*nt staizes wen* n(*ce<>}iry to assure commercial mar'k(»tin(j: of 
the system. 

In other w(jrd->, without t he m iirinal XSI^' inv(»>tmenl, wouldCon- 
Irol Data hav(» launched on -iich ;i de\elopment al pfojcH-t on its own? 

Mr. NoitKis. Delinit'i'ly not. I think thl> is one of the \n\sl exam[)les 
of how the Kech-r;d ( rovernmerU , -i»on-nriie_^ research in conjunction 
with univer>it le- >ind indu-iry, c;iii <sr\ the-e materials into tlu^ hands 
of t h(* iisei". 

Of cours(», jis \ ou know, the I 'luseisit \' of Illinois work starte<l in 
around MHiO, we ^larti'd liiini-liiim <'omputer> and, in turn, were 
ul)l(* to u>e th(» >uftwar(* and ccjiir-eware. We ti'acke<l it \'ery closely 
and there's ju^t no (pie>tion thai we nc\M'r could have afVordiMl the 
investment, nor would we have had the perspective or tin* confiihMice 
to pui'sue it. It i- htr^^^dy herau-e of what they ha\'(» achieved in hi<^her 
etlucaiion that i:a\'e us coididence t*> m.ike tin- majoi' commitment to 
c.onunei'ciah/e comjaiter-ha-ed ediica t hui . 

Mr. Wki.ks. 'm ' tc we iea\'e that point: Mr. Norris, this is a very 
crucial point. \\ ' ' nve a.ddre--ed ihi-^ (pie.-tion to earlier witnesses in 
terms of the pattern c^f l''''d.MMl K. J), and tryin^^ to deliue appro- 
priate I'oles for vaiiou,- vermueii I airencics vis-a-vis the uinversity 
and vis-a-\ is pri\'ale con< crn- -uch a- your own .( 'ouhl you ex|>and a 
hit on this niid \-our :"M)ei'al pliilo-uiihy a^ to what you secvas ji [)i-ojjer 
di\'t>iou of i'es[>on.-il>i:iiy hetweeu the uni\"er,-it\' sector, the ^^)vei'!i- 
inen! sector, aiul the private -ectoiV 

Mr. Nouuis. Wei!, I think thai, fiist, >ociety e;ets from business 
those thinirs through which hu-ine-^ can amke enough money to 
ju>tify in\'est iiient in the proirram. 

Of course, in ^ouu' ca.-e<, -o nnn li money has to Ix^ spent on I'eseai'eh 
that this cannot he don<* hy uidu-tiy. Thi-^ is where the b^Mlei'al Ciov- 
ermnent should j)rime the pump. 1 tliiid\ it i- \'ei-\* ifn[)()i"tant tluit, 
wlu n thi- is done, tlwre diould aUo lnim<Mliate!\ he a c!'»-e a-vsociation 
i)etween the utdverdty and indn-ti'v -o that industry, working with 
tlie uni\er^ity, ;iml in turn \\\\\\ tin- ( loveiMunctit . In this way, all 
will have ihe'>aim' [)er-pe( i ive and tlie\ can helj) ^uide each other's 
thinking. 
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As the work i^-orrn tlion, iii<liistry will ho in a nudi hettci' 
position to }ii)i)ly 'Im.' tM-lmolo^^y sooner in soci^^ty. I think this is one 
of the vorv line fcatin-es ol t ht' rria; ionship of tlu^ Nationiil Science 
Fonndation (XSF) nnd the I 'niversity of Illinois and Control Diita. 
XSF and Illinois went alon.i: to<:eMior for many years and when i'LATO 
reaehcMl the sta<re that it was rv'ady to !)e used, we were ready. 

Mr. VVkm.s. Did this retpnre a ronscuais (•orj)(-i-ato dqeision on yo"i 
part to adiliate oi- associate yourself in some way w'ith th(^ University 
of Illinois in terms of a loniz;, on-iioin^r relalionshij)? llow^ does this 
kind of cooi)era(ion deveIo[)? Did it come ahout as a potfMitiai husiness 
prospe<:t f()r y(>u iincl pari of y()ur h)nLr-rant:(' plannini^? 

What we are interested in really \> the jzeneral model ' y wdiich, if 
the Federal (Jovernment , is ^oinii to support research and develop- 
ment of this sort, what (s^the ultimate couplinj^ nuMdianism to the 
market[)lace'/ Does it depend >olely upon ent eri)reneurs like yourself 
to perceive an o[)port unity? 'This is the ii;eneral area I am tryin<^ to <^et 
a little hit hotter feel for. Is there a tz;enerahzation to h.Mlraw'n from 
the PI.AI'O modeh.^ 

Mr. NoKici^. ^'es, I think, as a matter of [joliry, tlie L.S, (ic .ern- 
ment or N>K. or wdiatever agency has the respon>ihility to insist 
that in virl uallv all of their re>earch .grants that there he an asr ociation 
with indn-trv. Innovative ideas are not exclusive to husiness hy any 
means. Tiu'V' or!:j:inale in many [jIt^m's. There ai'e ])eople in univ(M"sities, 
of cour>e, wiio liave them. But the university is not ;is well situated 
as husine'>s is to hnall\ exploit (hose ideas. But hy t^ettint,r the uni- 
versitv and hiome^s to^f'ther very early, this process (-an take j)la(:e. 
And so I think it is imi)oriant for husiness to rec()<i;nixe that reseai'ch 
done in connection with univer>itirs is, hy and lar^e, much more 
elVective than that done wit hm t he narrow confines of a sin<xl(i husiness. 
The universitv has acfe>s to othei' disciplines. TheN' have n .nuch 
hroader p<'r>(H'rtive and they are not -o const rained hy just the narrow 
intere>t of a sit'.Lde l>u>ine>-. I think this is oni' of the university's 
finest attnhutes in its favoi'. 

Mr. Wki.ls. Thank you verv much. 

Mr. Sw.wxiN. I would like to follow u[) »n your comment al)Out 
the export of tlii> te<'hnoloL;v t(>p\ther the develoj^in^ or the (!(ivelope(l 
nations, ^'ou mention that' i> a i)otent!a! for this t e(dmolo.iry. I ha\'e 
several (pie-(ions here :itid >()u can i'e^|)oi!d (o them m any ortlcr. f 

Is nr^\- of this tecluiolo.ir\ ruiTently he • K t I'ansferred t o forei<<n 
nation- and how doe- thi> Lcenei'ally alfeci oiii' .Nation in hoth an 
econonuc and a political >en>e? Are any Federal policies currently 
{iromotum or iiduhit im: the t I'anstVr of this tech nolo.iry'.'' 

Mr. NoHKis. 'idier(' is very litth' co[ni)Uter hased ethication tecdi- 
noio«ry heiuu' transferred ovei'^'as trday, jdthou;j:hJt is my <z;oneral 
under>tnii<lin,c: t h;it there are no con>t rainis on this. For exaniple, or 4 
vears aK<> we (lemon>l rated a 1M.AT( ) -y.-tem in Moscow with the en- 
cf)ura.t:em(Mit and a>>i.-t aiice of the .^tate Deparlment and the De|)art- 
ment of ( 'onuuerce. 

.S,M-on<llv, I (hink if i> very much to Mur advaiita^rr- to work m vir- 
tuallv anv mode that we can with othrf countries, develoj)ed or de- 
velopint^.V'ertaudy, if ihe I'micd Sl!ite> ^ <:oinL^ t() carry out the com- 
mitment in helpiili^ develo[MnL: coiuUrie^. a vc*ry ha.-ic part of it has 
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orot, to !)(' coiniHitcr-^n^ci! i'diic'nt ion. 'riicro'K }il)soliitoly no other why 
tliut {\n> cnorrnnus cluoit loiml ^oip tluit (?\i>ts Ix'twccn tluMU and us 
will evor be hridtred. , 

I think, first of all, to luive (MiK avaihiMe and to use it is the first 
tldnjj; whicli will happen in ot her countries. 'That is hej^^iniiin*: to happen 
with t h(M)il-rich coup, t r!es,*>ini ply because they can a fiord it. As a mat- 
ter of fact, Control Data i- w'orkinjj: with Inin and Vene/.uehi to hrini^; 
ahout ''oinputer-hascd education within the next couj)h^ of years, 

,\Ir. SwANsoN. In your e>^t iniat ion, is therc^ aiiy^potent iai 'lan|j:er to 
the national interest in terms of export in,i,^ sucii a sophistieat ed 
te(dinol(><ry? 

Mr, Xoiiius, I tiunk the po'ter tial (hini:(M' is ni withholdinc; the tetdi- 
nolo^^y more than it is ^^ei t iiifj; out there and usin^rit, I l)(;lievc that the 
he>t cour.-e for the l-nited Stat'es is to move forward very aL^jj:rcssively 
and work uith any c-ountry tliat will work \vith us in virtually any 
mode in furthcrinjj; the u>e «>f computers in eihication. 

I miudit ad<l that 1 think thetrreatest competitivi^ threat, as far as* 
eihicMtion and computers are concerncMl, i:-i,dapaiL 1 think 'hipan [)er- 
crivc^ mu'-h better than thisroimtry the powerof ap[)lyinj^^ advanced 
teclnudoL^y iii education anil connnunicat ion. In fact, they have a 
national policy eoncernimx thi-^. But they don't lulve the com|)Uter- 
ba-ed {'diii-ation technolo;iy that.-we have and, therefore, I think it 
behoove^ u- the (lovcrnnient, indu>try, and imiversities— to move 
forward with \ a- rapidly a> we can. 

Mr. H Kii.fiNst >N. .\re there any furl luu; *pie^t ions {)f .\Ir. ,\'orris? 

Mr. WKLr."^. What knnl of b'ede.ral fuudiu.L^ ai'e you su^^j^e.stin^j;, Mr, 
.\orri.-, in \-oin' la^t ^enlem e in te'rnr^of, "the'time i"e(piired to achieve 
the objectives ean he <:reatly shortened by the P'ederai (lovernment by 
fmulinfj; now * " V'' i.\Ir. \VelU readiinj: froin -tatenuMit.) 

What kmd <>f fundiuL^ are you I alkin^^ about ?■ 

.Mr. .N'oKius. That depenth upon the si/.e the institution. I just 
iiapj)en \i have been at »'ie I'liiveisily of .\*ebra-ka recently and they 
would like to e>tabu-h a- bi'oadly based Computer teclmf)lo|^y labora- 
tory. They need sr>f)(),()()n for a 'i-year peiiod. They believe that after 
that they can ab-orb it into t heir onir()in^ budtret* 

Mv experuuice With other -chools indicates that the snndlor ones 
I'ould' iret >tarteil on (>ilot basi^ and i-arry it alon^ .on $2/)0,000 to 
$:U)()j)()0. So, relatively -peaktnir, we nVi- not f)dkin<; tdmut hu^'(^ sums 
of n)onev. 1 thmk it i- important to fund tla^ projects in such^a way 
thfil t he jn.-t it ut ion doc- not become too dependerd upon the Ki^leral 
( Io\ ermmuit , I. tlilnk a calnluic approach should 1)(^ take*??, with the 
uuilersf an(hn<_r that tfie institution .--hoi dd soon take over the project. 
1 think this can happen in a very straightforward and^ective way. 

Mr. Wj'irrs. Would \ou l:o .-o far as to suL^^rest tiuU, therf^ should 
be specdic :^el -a^lde-? 

.\Ir. NoKivis. Ve<, Tin- i- .-oniethiui^ that should be done. It is not 
a unifpie idea. Hack m the l!)l')()'-; the National Science F()undation 
h'ul ' 1 liave forL'^f^t t en the exact amount- nniybe $()0, or $70 million 
that was -v\ n^u\r ^peiilieall \ for educat ional institutions (o eidiance 
Iheir c(>inp"ler fni'ihin*-, not rii'ce->arily for m-t met ional j)urposes 
• l)ut for an\ 'purpose. Tin- wa- an enormou-l.\ elTective [)ro«:ram. 

\ir. Wki.i.-/ I leali/.i' \\\]< 1- ildlieiilt. but cimhl you *:uess wdnit. 
would be the total amount yoii an' tallcini: about, a kind of a ball 
park fi^rtire? 
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Mr. No fill IS. C\Ttuinly, $00 million would have a very profound 
impact. I um not saying it has to he that much. I think that is some- 
thing for someone else to decide. • v 

Mr. Wells. 1 take it that would he spread over a period of time. 

Mr. NoHiiis. Spread over a period of probably 5 years. 

Mr. Wklls. Thank you. 

\[r. Beilenso.v. Mr. Gallap:her? 

Mr. Gallaghp:u. You mention here in your ctonchision the pos- 
sibility that PLATO could move into the home. Teehnieallv how 
would this be done? ilow would you move into the home with .such 
a program? And by doing so, would you lose that computer-student 
interaction that had been testified about previously. 
- Mr. Nouuis. You mean the teacher? 

Mr. Gall.\0!ier. Computer-student interaction. 

Mr. iNouKis. The terminal is connected through the telephone 
line to the large computer. When I say move into the home, I am not 
suggesting that the teacher is completely eliminated from the process. 
For example, 1 have eight children and I have been sending them 
to^ school all of these years. When the boy started at the University 
of Minnesota, it cost almost as much for transportation as it did 
for his tuition. 

If he ( ouhl (lo part of the work nt home, there would be an enormous 
saving in nH)ney and in his time. One also must not forget the pro- 
ductivity of the student himself. The ('ompu.ter in the home makes 
it- possible f{)r the stud(int to work at times that are most convenient 
for him and to cut down on tlu; travel. He can still have tlic same 
relationship with the ^jn flier. In fact, the teacher -can be on the 
terminal, as Dr. ^'it:- wilt demonstrate later. The teacher can also 
communicatf with llie student on the terminal. 

Mr. Beilknson* Thunk you very much, Mr. Norris. We are most 
apprec iative of y^;ur ha\':ng tt. .en this time to (!ome and share. your 
expert \\\t\\ u.s. 

next witness is iJi. : \ald Bitzcr, director of the Computer 
BusimI KdMciitio'' Kese' li Laboratory at the University of Illinois 
i:v UrbuHi ,111. 

I'l'hc < /a red ^t- Mit of Dr.oDonald L. Ritzer follows:] 

;\ •DHNDTM TO TKSTIMr)VV Ol' DoN.MJ) \ilTZlM ANI» FliAN'KMN M. PKOPST 

LISTOKV AND IMlKSKN'T STATUS 

Th<- I'l.A'I'O pn^^rjiiii h;is Ix-rn in (-(intinnous- oixTiitioii at tli IJMivcrHity of 
Illinuis since \\)')[}. l-"n)Ui its iiuM-ptinn, this jjni^rain has Imm'm rotiuiuttcd to the 
f)hjfctivr of hriii^iii^ the iM>wcr (if,th<' nif>fl<'rn ("niiiputi'i- ('5n>ctly int() the hands 
of the ^enfTjil piihhc for the [)urposes nf iiistruetion and <*dvicatif)ii, whtTc the term 
"I'ducation'' h:is lieeii used" in the hr(iadest sense. During the period lOo!) through 
IUH7, the (M^ATO I. II. and III syst<'nis were d'^velopr^d and tested. These effort-s 
clearly <'stal)!ished the vahdity nf the l)asi(* eoiicept of cnniputer-ba.sed education 
and tlie iniporti'nce (tf ni<»vin^ frnni the demonstration phiLse to th(; development 
of a practical, \vid(^ly depluyal)le system. 

Over the past t< n y<'ars (under a i.-omhination of State of Illinois, industrial, 
private, and Fedeinl ^iipp(»rt) this practieal system, PLATO IV, has l)e(»n designed 
and impN'MU'iited, 'I'he >-;pi'ejfic ^nal.^ nf tlj.e {)rn^ram during this jxM-iod have h(»en 
to areompli-^h thesysteiti and d "VelMpment, tn inipli'ment a syst- ■ nf at least 500 
terminaf-^, and-tn i valuate' the etl'iMM i vene.ss of the utilization ^<[ i he system in a 
variety nf in.^titutinnal .settings and in a variety of mndes of service. 

This program has resulted in an nperating syst<'m of the following general 
characteristics: 
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1. AppioxiiriMtr lv HK)() t.-i jn iii:ils an- cnruMTtcd tn and npcrato fnaii one central 

2 K;ich indivirira! K rininal pn.vui. s to cacli -.f tli*- ns.-rs an jiUeraetnc Kinphics 
rapabililv \\\\h e.-^scntiallv instMit.an.M.iis n-sponsc t<. each mi)iit l>y the user, 
indeF)en(lVnlly of the fact that hundivds uf (.thrr us. rs may Ix- sunult anec.usly 

Tli.-se't^Tininals aiv ^.■M|rraphien]ly disirih;. mt' :icrt»:^s the rutin- nation witli 
l()f!atinn.s in mnr'' than hah" uf thi- >t;iir.s. 

4 Thr- t. iriinal.s an- install.-d hi ^L nv iitary ;rh'H,.s. e(Mnniunitv eullej^.-s, uni- 
versities, fcdn-al a^.'iici.s, industrial nri^anizatior. . i)riMiary s(-luu.ls :iiid htunes 

5, Th'- syst.-ni pivs.-iit !y drliwrs ai)pn>.\iiuat.-ly r,n.- and (.n.-lialf million enntract 
hours (;f scrvij-r per \f'ar. 

i; Over nOOO hours of instructional matcriuls an- i)P-s(-mly m use. Ui(;se 
materials ran^e in (M)ritent from pn-sehool n-adiufr t.^ graduate (luantum tm-ehaiues 
and in jH'da^o^ical style fn,ni drill-and praetiee to froinplex sii .atuuis .ind 
inlerartivi- tutiu'ials teaehiiiK soi)histicat<'d eom-epls. 

7 The sv^teiri i< us.'d f.>r instruetion. edueational a id s.u-ial seP-nce research, 
n'sean-h c..mi)Utati.ui. data pnu'e-iiiK, on-line ns.-aich (raiiginf^ from cheinustry 
to hiophv.s.i(-). information distribution, cninmunieat ions, enteriainnient • ancl 
rern-:ition, (-otmselinK. n-crds niaint.'na-nc" anii eouipih'tion, information n-tneval. 
and in a w ide \-arietv of nther uses. ,11 

H. A natiomii eonimunilv of th.>usands r.f teaeh-i;. researchers, aUihors, ancl 
sehoJars and tens of thouVands of stutieiits interact tluou^h the system :ind 
r.H.perale on a dailv basi.s tn rxoU.n- ne.v ideas and uses of the system. ^ 

The inipK-m-nta"tioa of t lu-^ 'system involved a major ])ro>rrani with .'i wide 
variet y of eoniiJ-)[i<'nts, including: 

1 the d.-\. lMpmrnt a s.ii>lii,-«tieat. (l e..mputer system architectun- to support 
a lar^e nmnl^.-r of f^r< .,raphieal!y di.M ribut ed terminals usui^ oniniary telei)h()no 
lines for cnmuoinicat ions. ' 

'2 Tlu' dev. l..pment nf a f nndain. iit a !! v new softwan- system, which pnuides 
tin- t. aiv u<er .itli f^rapliics and cale.ilaUon:! I capabilities inivalent, to .so- 
phisticated n search l:uiM,uaf^e. a.- w.-. a-« ju KiuK. branching, and of her Histriic- 
tini.al . pt .>n. available on .aher CAI ^^MMIl:«. In addition, the ,ystem iH'ovtde^ 
niana^.mtnt facilities to ..app-r' t he uri;ani/.atio.. and operation of thousands of 



X The develnpmeut of ■ s, rie> ( ,f soph ist i.-:. I ed ^^mphics teriiunals an(i a series 

.,f p,.ilplieral d. viee. d- si;...- d to Mierl tlu ! d< of the user, rather than liave the 

user adapt t.. the ca ; labili t i-s of --Mir-t h<- .^helf" ..(purnieii t . 

4 The d.'VrhrpuM iit r.f :, ne-.v eoniput' r di-i)lay te(-liiiolo^y. which has sub- 
-.•Muentiv b< en api..,< .l to a wid-- v:oi< t v uther comi>uter applications. 

.,. The transf.T nf thi- 1 chni.li.uv to induMrv in onier to i-staiihsh a source ot 
uppiv bir the n.'.'d ..f till- a-^ w.ll 1-^ othrr i)roi;rams. 

\\ Th- ei.,i-«tneut wf a varptv ..1 . .hicat i. mal i u-U i t Ut mns to i)a|-t leip^ite in the 
te^finr "f tic ^v<te a and tlir^ d. v.lnpm.ut , .f a c.uupl-te raii^o ,,f support functions 
ii.M' v-;irv for thi- ..f a (-.Mupl. t. lv ii.-w nu'diuin. , 1 . 

7 hi ad iilinn to this sv<t. in devel.,pne-iit and the d.-ployniein of hundieij> of 
t,-rminals. thMU>aii(is nf hnui< of ip w c.an-r mat-riais n- d-veloped and tested. 

Th.s f>rni;iaiM w;,. c<.nduci. (l r -i f.-ur and .-ne half vear p.-riod m conjunction 
with t* • . valualinTi e!birt< ^umiiian/.-it in tie- b>Iln\vin^; section. 

iNti'.\( 'i' 'ro ]).v\i-: 

We have ch-iirlv demon-t ra ! .>d that -ueh a system can be deployed and opended, 
while mainraiuiii- th- hiu'ii h-vel of prrb>rniance iiidic;it,i-d :iboye. In iidditnm, wo 
I, or -hnwn that the techiP.l.uiv cati bo i-ITectively transb-rred, m that there are 
„nw indu^tiial ^ui.pli-i- for all'.if the liardwaiv and softw^m' corni)onents of the 
sy-^tnu. Ther-- ai .- abo threr other TbATt ) sy>tem.. in operation, with mon' being 

^''"\Ve'*have -hovvn that the -.'■^tr-m i-^ wirlrlv and enthusiastically accepted. 
.\ttitudinal .an-.-v-^ r<,rinnuallv -imw abm*-: :riahimou<ly hif^h enthusia^!!! not, 
;„dv on th- i. nt ..I n .,rh.M- and ^tud.-nt- but aUo by n M^archers administrators, 
■uui oth.M- ii-. r . nf ;h.' \ ten.. A ^ lep. ried ill an indei)endent study by the hduca- 
tlonV Te^tito' SerViee. tlM^ liir.h h vel of acceptance i< du> 'i hir^e p;irt b) the 
int-'titinnal !ir.nlv.-i,M.nt nf ,.|a-rnnm teaeher- and administrators m the develop- 
men; -f tla syMem, Thi-^ i< in (-nntraM to many (-(fucat innal experiment>, m which 
solutions havo often been impo-"d from ab(j\ e. 
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I'lviiliKiii.iti of r(i(ir;iii.wi:il | .m^rrarn is an cMrt'nU'ly C()ini)l<'x })rn},loni. When 
casilv-df'ruirii pcrfornianM- (-[lariictiTi-t ir^ arc the ohjrctiVf of th<* ^tOKrani, 

rchit'ivclv st raiKhtforwan. and nicaninuf ul fvaliiatinn results ran I olainod. 

However, when complex educutional ohjeetives are involved. r>,,.anin^fnl evahia- 
tion isextrenielv iliirKMilt. Kurther, when one is faced with the )M(';;i of inteKnit- 
ini? 11 new delivl'rv sv^ten^ with standa.-d t'hi-:sroorn in.-tructi<: . ' dnatiou cfTorts 
are (Minfotindeti bV the n'-ed to att<-rnpl tn i- late the relat ionshi ; s 'tween ea\ises 
and etTerts. Also, "materials developed du rin^ the ear Iv part of thi- -.hTuentation 
were produced bv chissronni leaeh-T. rather than by i)rofessMM. -iirriculnm 
develoi>»'rs, to insun- user aec-pt anee. verthrlos. th«' fnUowini^ i 1 ol^serva- 

tion.-^ eonef'rninn tlie edueaiional impact '-f th" >yst,eni ean be mad.e. 

Kir^t, we havi- l)i'en al>h' to demnn-itrab' thiit, in some eaM-^, t)i<' Mitatinn 
(if -tanflard <:lassronm instrnetioi* with a small amoiml of iie.iruci ' 'o tho 
JM.ATO system ran priMiuc" major overall ^^airis. Kor example, in tin ^. 
elein ''fitarv math, thr asrra^ie growth o\-er a tairmal school year for -llh, 
(ith u«";i<l<' f'fi>l"i'"<'" '^ri'C* ivin^r approximately 25 minntrs (.f PbATO in^triicti^ . ' 
davj was over 200' ; of that foi- children ; leont rol el:isse<. 

Second, out of manv Mndie^, we ha o Mientt-d i>ne ease, elenientary r> 
im^. where t.hr- of "the system scoin. . odncr a Mnali m-^ative iinpa" 

student pei formanf'e, as nn-asnp-d by >ia' * . i. ' d exams. 

Thinl. we ha\ found in many eas- s i... : • d^^nifieant difT-renec- h-e 
shown instuil'-nt pcif<»rmanee on standard .' st runients. 

Il is iinpoitant to rrmrmlier, however, • 'rfurmanec on st anda: «:./••» - 

f...-«t.s is nni'. nti. rn<':i-ur<- of cduealiona! elTf '- In many of tiiese ■ 

b-arhiT- riport th:it th<-v clearly .«-<•.. other Me:' 'is of improved n^asbry '( 
niateiial- by th»- students, tndcnts themselves .-Vp: " h" belief that t he> 1;; •■. 

iiiiHerst I ind learned rm ie, and stud(Mits tin:., at. i by responses to .jix s- 

tionn:dres and bv unprove-l ela- :i 1 1 .-nda nee i • . ■ ' mc ..rtitude.s t owards .pe-u- 
!n- courses and ! u«a t k »n in general wcie mail. .: ;»i>.M;ive by their e\i,'er»encc 
v\ i?h t he -v-tcm. 

Tm the iinal analv^is l)cfh;ips «.ne nf the nm^i - ^a;' an: taease.res of edueat.on- 
al elTectivetp-s is " t he dcMre shown bv t.'.'.ch'.^ and t. ideals tu eontii\ue aad 
expand their u.-c >*f th<' .-y-teni. If thi^ is lite case, M;,- c hnat^ional ei^M-ti vene^;i5 
of The present svsK'in is vtTv hi^^h. 

iM'nallv, we hale dclinif-lv beirun t.. >ee. duritif the p:ist year, that users arc 
<levelnpinu' trreater under>t:i;idim^ aiel skill in developing n"W materials and in 
maiiaunn}.'. ihc u^e nf th.-H' material. The result is that even the narrow measures 
are bei;iiinin^: tn show m-- iri-ant pti-itive resehs where pr-'viou>^ly there were 
•'no -irndicaut difreren--.- ■ The r-'-.teni prorni-e< to be an extremely |){. wet-fill 
tntJ. fnr edueMt.i-uKi! re^.-.-ireh, p^.teatially pro.i.lini: iaeakthrou^lis in tindef- 
strindin^^ < 'f the le;!-nirm [it. .c^^ as '.\ol! pro\idii»L.^ me. mis for translating this 
un-lei-^tan-lin^^ intc. effertive te:a-hif(U pr. ^rams. , , i 

!n sumtnarv, th<' svM.-i works, it is cut husiastie:ii!y p'ee:-'d, muI there is 
■-tnum evid.-K'e' that if c:ir. lia\e b-c.td I -itive impact ..n te.u'hin;; elfect i v(m(\-^s 
Kutther in -iddition to tla- ncr.v in-t rml iMn:tl u-'S, it lias i.iem etfectively utih/AMl 
in a bri.ad .^pertrum n<>n it:,^J ■ic';-ar.! ti;..J.-^, u'jth m'eat ^uccess and with 
pr,.niiM< ,.f even ^Mealer ^^.er^' , a.. i>P-a llh applu'Ml -n in the future. 

t Mt'i.,c \'i iM.N ^ 1 .1 ■[■It i; 1 I' ri*i:i. 

I„ fh,, ,i,.eu • :itinj. t;t' -v^tea: win fi ' ■ 1"' l^iven to th(^ t'nnimittee. 

we sha'l atte' - to enij.h. H/.' :h;o v.- are lor.-',, i.tci with :\ teelinoio^v which 
is inucli 1 : 'lian an (n>i l iict inual ^v-t'-m. V-'ii will see example- < i variety 

(,f i.ndia" . - ■ f th" .->-sten'. i :'.eh/ iintr : 

1 . In -t I '.(■: T). 

!^>, Hn -li; ■ ,, tiiunic;it ion • < it hef u ' ■. 

:i. l'".let'T r(' c rn:ni. 

•I . Interac^ .'e eoni[)Ut int;. 

r>. Infi irm.i t iotk retrieval and di -I ribu t n >■ 

it. 1 >al a pri'C- aiiL^. 

7. Ileei-'-al ii'ii anfl .-n lert :i i n ne-n t . 

In addition t... t h"-e -erv \r.- , v\ - ■ ai-. - biaonniiuM ( > expl..:-. hr use of t hi- -ysb-m in : 

1 . Meijieal ^e| \ ice-. 

2. i 'arcer <*oiiri-elinL;. 
l*<yc!io!ocie;il roun-ejint*, 

4. Finantdal planning; ami' <:uun-eling. 
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5. Public forMinH. 

6. Nuws distrifuition. 

Not only arv. those .services aviiilnl'^lc td tho \i>or t tho systoni at tho University 
of Illinois, hut we arc beginning tu interconnect v.ith other PLATO sv.stenis. In 
particular, we believe that-PLATO is j^art ef the emergence of a new technology, 
the -computer-based eonr.:Uinication/inforr.iatirir. network. Wf; further believe, 
that this new toehnology Sas extremely broad implications for the nation. It is' 
entirely feaisible to imj)lement a nationwide network, ov(?r the ncvt two to three 
doeades, which could link every houstjhold and institution in the nation. This 
network could provide all o*" .he services list(Ml abr)Vo, and many othc^rs. 

Tho fundanjental technology for .such a network exists. Many major (ie.V(!h)p- 
ments which will exiJand and ('nhaLce if .: value of such a will take place ovcm- the 
next several years, In aidition, i\ great deal of effort in systems j-ngineoring, in 
development of .service packages, and in development of utilization tecJuiiques 
and nmnagenicnt skills rtMUains to be don-. However, no major technological 
broakthrougb.s are remiired^trj' imp! mv.'nt a network of major social, economic, 
and cultural impact. This impact on t*;:; productivity of the nation and on the 
quality of lif*^ of our citizenry c >uld b<i immense?. 

With the exist(mee of such a netwj.ik, any individual »;oul(l instantly receive 
' mail" from any |);irt of tlie eoiiutry. All iiulisidual^ t'ould have an au'tomnted- 
scarch access to the n.iti'mal library. The elderly :ind the physically disabled 
could have acce^-ss Ui an i-ndless arra^. »>f inter:u!t'ive enrichiru-nt jictivities with 
participants thr^ :ighout Jhe country. Any individnal could reneivc instruction in 
courses offered by educj'.tion.al ujstitutions across the couiitry. 

Job r«'tr:iining and job n-localion joulcl be greatly fncilitater: and could .mini- 
niize the h^.^.s of income to the indivrclual work. -. S[)ecial :itt(^ntion ^o the learnmg- 
di:^.'ibl''d and the handicapped oould be ob^iined. »ui a liroad .'^eale. ('v)niniunitieH of 
individuals, wit lusut regard to gef>gr-aphical bo j^.darirs, could inter.acti velv func- 
tion in problem-solving, .s«ici;i!, and cultur.al jnn-suit.s on a .scale and \i\ a fa.shion 
not previou.sly po.ssible. 

One can go on and on abfiu*, the -alue of .^uch a .;y.^tem to the Ltition, ii- term.s of 
productivity, fpi.iiity of Iif<', and intermitional trad-, However, this ii.sting of 
specilie exanj[)les fails to give an nc-'ur-t" persrv-'tlve (.f the potential imi)ortaacc: 
of this new tet'hnologv, 

In particular, (iur capability to s )lve :!m' gn-at pr* '.l.'rns wliich affect the surviv- 
al f)f man as a species (('ucTg;; |>roduction and ■ ontr. ', popuhition, ecology, pov- 
erty, war. etc.) is and will be-dir-ctly deternuned by our aijility to accuruilate, 
organize, and di.^tribute information and kno vlf (itre. In far t., a giiod working ch't- 
initiiui of man, is that he is that pecies wlucli a*'<'mj.its tr :ain adaptnbilitA" (tho 
n-Cjuisite of .'-■ur\'i\.'d) through the g:ilh<'ring f>f «irmat' Cdnta), the orgamra- 
tino of thai data irito knowled^•', and tho apph. ..Jon of th.'it knnv ledge. It seem;> 
emiiientiy cI".Mr that the highest prita'ity for man's reM-arch shoul' ' e ^iven to those 
activities which give proiui.-;*' of improvio" tins r^os^ fund.arnental of all human 
elTorts. 



We .--trongly recjunmerul that the I'l-fl i i! ( lM\TriHneri • iiust play a major i': .i 
in th<' exploratifui of this trchnolot^y. ft secnis (piitr ;it r>ropi;ate th.'it, ventually, 
tho priy;it»' sector will :ind slmuld b<' pi incinally ''''^i. - ifi fo ■ t he broad-Mcnle 
(hsseniination which wf l)eli('vr will oeeur. Ilowf ■ ■. (pialiiy and .^oci:d benefit, 
the'tinu- seal*' for broad irnph'rnentation and avaiiaf)ilityT arid the proljabil ,i - of 
the availal)ility of the techrnilogy can all i)e importantly' i.Teeted by appropriate 
Federal action. Su(;h f ederal acti»:n is rccpiired in three areas. 

^ Mr.^t, there is the rn'cd for a major niint ^ ro^ram ba^ed (»n 'exlsti;. ^ tcclinol(.)gy. 
1 1 ruler such a program, six tot welve systems, .^^'rvin^ ali vel.s of education, should 
be installed in various parts of the (M)m;try. Tl: - \vf.< - f eircrt wiil provide in- 
vnluablo (»xp''ri.'nce with rrgard to an ;:."a of ma^ r ; e-i-ortance, learning to cf- 
f(M:',ively iifilizi^ tho toehnology .md intrgrr.'e into .he existing erlucat.'onal estab- 
lishment. It is clear that such a prograui c:uuio* be realizi'd without Federal .sup- 
I)ort. bocal .-lehool district. ct)!nmun;ty college, and uriiversiiy budget.s do not 
provide t hf floxibility to support such cxplur .itt iry programs. 

riie second ar<'a foi l-'erleral action is supj)e'-. of . • r-.-irc^i arul fl"velopmont in 
hot-a the teehiiology arul tlu'.'uea. of devel( phir-nt of ru'W instri!'. t ')nal and other 
service packages. We have irulicated earlier th.' large; anu>unt. 'i work required 
to rju>ve rrom the early oxploral i»)ri of a l>roafi set of ser- i "s deli\'(?r(!d by a eoni- 
pntev-ha-ed network intn a jiraetical, di-ployalde tccl.: "logy. For cxamp'.:. - 
or(i(M' to provide large-scale library searclj, retrieval uhI distribution o\ • a 
ntitwork, a mass nu'uiory system with very fast aoc<' jnul transfer nui.st be 
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dovt^lopcd. in uniiT t.<> rMat<'ri:illv impart the jol) traiiiin^^ prol>lenij a complete 
h:isio skills irisu-U('ti»>ri:U p::.i-k;i«i'' .'is wi-ll as :^pi'cilic vocational skilU packa.tt;es 
must Ix' df'V('li)p('d. in t^fncrat, tlir fnitn- materials that ur<' (icvplnprd and tested 
on a pilot basis before a lar.t^e network is implemented, the mort: effectively this 
network will Ix^ ntilizt-d. We beli.^ve that thi* imprttssive results which have been 
.'lehievi'd in some ai'eas to datet -^tu^h as pri'\i<)usl y mentioned fur elenu^ntary math) 
can be achievf'd on a broad scale in othiM* curricnlar areas. 

The third focns (.f a Federal program should i)e in the area of research to 
rlevi'lop a brf>ad understandmt? (»f th<- social implications of this techn(fl<?^n- and 
to >upi.)ort the pri'paratiorr «»f a plan for the impIiMnentalioti and manaf^enuMit of a 
national network. Oni' of the specil'w? pro^^rams which should be considered, in 
tiiis re).;ani, is tin- expansion of one of tln" pilot pro^^ranis mentioned above to 
include the "wirin^^" of a eorni)lete city, includin^^ the connection of schools, 
hornet, ami businesses to such a system, liiis will pr<ivide an invaluable laboratory 
>-tUn).; to accomplish the objectives given above. Furtlie!', this initial *Svired ' 
citv should be followed shi»rtly by the' addition of one or two other cities inter- 
c<tnne(:te(i into a network, so that the bro.-ider implications of the interc(unnumi- 
cations of such a network can al>o be explnred. 

The reconunendatitms abo\'i' an' inelude(i to indicate the focus which wc 
brlicve that a Fe(i«'ral elTort should have. They arr m>t int«'nd(>ci to be (Complete 
presentations of a complete pro^M-arn. in this regard, we strongly inge the im- 
pnrtance i.f tin- ♦•siabli^hfomt of a n»'W organization, within an existing ag(Mi(;y, 
^peeilicMllv I'harti-riMi and ftmded ti» cunduct tin- cxplnration of tht* computer- 
based {•oinni'mieatii'n informatiori artwork. The doveli >()ment of a compre- 
hensive program would naturally be the lirst order of business of .such an 
organi/.at i" )n. ' 

This org:oo/atinn should liavi- the responsibility not only t(j e\i)lore and promote 
tlir I'Volutittn of tli«' ti'chn<)logy, l)ur it should also conduct a major effort in the 
cxplor.ition i.f Miei:tl. i'i;nnomie, and j)olitii^al inipli(Mtions. This agency should 
b(>gin early to pn-pan' for <'ongr/'ss a plan fiw implementation, which should 
outline thi> routi- of li-gislati vt- action to insure rational and effective management 
of the ti'chrnilogy. 

'i'hrre are .-^i-vrral rt-asons for the m-ed to csiMbb'sh a new <u'gani/.ati()n. First, 
n*"i rxisting ageiicv has ash uettn-e which cnuld develop such a program. Secondly, 
no agencv has tht> i liscretii ma ry rrsourci-'s m-eessary to ojX'rate such a program, 
'iliinllv, 'a new orgarif.zat ion, not burdeni-d by pre-existing cormnit ments, has 
:i substantially Ix-itrr probjibility i-f (.-veloping the focus which will bo critical 
Ui >uceess in t his ai ea. 

\Vi' tirge i)romi)t •iieiion on the pari of the ( iovermnent. Delay can mean 
substantial lo>s i>i both i'i'oriomi<* :ind hmnati bi-m-fit for the nation. I-'m'ther, 
we underiim- the imi^orlanee i.f the cuupling of tin- responsibility for supporting 
teehin(;.i] resi-arch with tin' respon>ibilit y for supp()rting ''social im|)act ' rc- 
sear<'h within an agencv, as recoinmeieh'd above. We areallti>o familiar with the 
probii-nis associati-d with r<>ar't irig to a technology after broa<l (liss<'mination has 
occm-re<l. it is impi-rative that we develop gri>ater skill at anticipating and plan- 
ning fi>r new technologies. There is, in pa rt icular, a singular oi)i)ortmdty, provi(led 
bv the present technnlDgy, to ile\elop atid improsc this skill. We can predict with 
gMdd aecuracy tin? tichriii a! iiatuM- of this upcoming develi.j.menr. l-'urther, with 
the itnpletuentat inn of t he jiro^rfam- pfiiposed abnve, we coiilil make reasomiblt; esti- 
mates of the types ami (pialitv of the s^eial impact of this techrn»logy. Thu.s, we 
would have all" of i he I'lerm.-nts to support ell'eet i vi> planning. Further, expeditious 
action will insur<' that wi> have :ide(|Uate time to complete." such planning. W c in- 
deed have a rare opport unit V, One would hope i hat it will rmt be lost. 

W'e caimot lotpe xn (^.uivinre you, in this shoit prer'cntation, ()f the s()undncss 
of these rem.irks. Ilowi ver, we ilo hope that we will be able to cop.vince you that 
th.-" potential inipMrlance <.f this ni>w tei'hnology is sufrniently great to warrant 
further invest igat ii ui ami incpiiry orj tin- part of this Conutiittee. Although the 
ciist of jjrograms proposal iiere an- small in coinp;irison t(» the total budget 
for i'du(.';iti<ui. they will he expi-nsive. Uov.t'Vcr, the old adage still applies, "If 
you think tTiat e(iiicati()n is expen>ive, try ignora uc«.'. " 



STATEMENT bi^R. DONALD BITZER, COMPUTER-BASED EDUCATION 
RESEARCH LABOITATOllY, DIVERSITY OP ILLINOIS, URBANA, ILL. 



Mr. Bi .',ER, Thank voti, Mr. Chairman. 

First 1 wonh.l like to thank tho f-huirnuin and the members of the 
committee for extending: U) me this invitation to testify before your 
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committee and espociully to timnk yoii for permitting us to invade 
your lienrin<r room with so much domonsh'ation e(iu)|)rnOiit. 

I wouhl also hk^ to extend my thnn'- to tlie coi'nmittco staff for 
their cooperation and their excehent ^ '^l}) in settin^i: up tlie display 
equipment. 

Rather than use my [)repared remarks I wou' like to use approxi- 
mately 20 minutes of demonstration time to expand on a few of the 
points made in the prepared remarks. 

I do this because, first of all, the written word is fixMpiently in- 
adequate for (les('.ribin<c this te(dmolo<j:i(:al art, and, secondly, becau?^c 
misleadin<>: statements are fro(iuently made in describin*.^ the stato^of 
the art in computer-based education. 

Needless to say, because of the short period of demonstration time, 
I will be able to hit:hli<,dit only a few important aspects. However, we 
will be available this afternoon to <rive additional demonstrations for 
those interested in seein»,^ more exam[)les. 

I have with me today several student ('oni[)uter ternunals which 
couhl be located in the home, as well as in this hearinj^ room, because 
they are connected to the University of Illinois by ordinary phone 
lines. In fact, with today's technolo<ry we connect between four and 
eij>:ht <;raphic termiruils on one ])hone line and- run Miem without any 
interference between them. 

The coni[)uter terminal is (lesi<;ned for viewinf^ by a student at a dis- 
tance of a[)[)r6xirnatcly :U3 inches. 'I'hus, in order for mend)ers of this 
committee and those in the au{lienrc to view what is on this screen we 
have broujudit with us a television camera and several monitors which 
we have [)laced about the room. 

There is a problem with this; namely, that the resohition on the 
television monitors is not as <;ood as tliat of the com[)uter terminal. 
Conse([uently, from time to time we will luivc to zoom up on a small 
[)ortion of the screen in order to show you Uie necessary details. 

Let me be^^in by <rivin<r you an idea of the kinds of things we do 
which are (hfferent from that whifdi computer teaching systems do. 
Having begun in 1959, we have the longest continuous ' history in 
compiiter-based education. We are active in all phases of this field, 
including the development of hardware, software, and courseware. 
Our interest is at all levels of education and our [)edagogical approach 
extends far beyond that of sim|)le drill and [)ractice. 

The accomplishment of Ihcse goals re(piircd a flexible .system. Our 
aim is to have a system which aclapts to t!.e needs of the users, instead 
of trying to force the users to adapt to thesystvan. 

At the present time we have over :^,00" t uthors who prepare lesson 
material at about ISO different sites around the country. These sites 
are located as far west at the State of Hawaii anr* ^ -ead all the way 
ov:er 25 States to the cast c(^ftst. One feature- we dc uii tl was necessary 
was the ability to view graphics on th(» scirt-n. (Oraphic capability of 
system (h monstrated here.] In addition to computer graphics tnere 
are several other necessary features for com[>uter instr-'ction. For 
exam[)le, I w^ll ru)w show a [)rograni wh'r-h will demonstrate more 
of these features. 

Thus, over 50 j)erccnt of the States have connected to the University 
of Illinois PLATO system. 'I'he little fiLnu'es which you now see on the 
screen are animal figures that were d* Mgned' by an elementary level 
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cla^^sroom teacher. Tin* systeni's. (•aj)Ml)ility which allows teachers to 
(lesipn sj)ocial charactors is very useful, Anotlier very im})ortarit 
feature of the system is its (•a[)al))lity to know where the student 
touches the screen. This is important hecause there arc many students 
who cannot use the keyboard. We decided that the student's fm^ier 
would be the simplest an<l most reliable c()mj)onent for touchin<!; the 
computer screen. 

As you can see here by this demonstratlw:., v.duMi a child is reading 
alont? and wants to know the meaning of a W(U'd such as the word 
''mouse" luue. can touch the word on the screei\ with his fin<i:er as 
JUS I am now doiu^j; and as you see, the word turns into e. picture of a 
mouse. 

In addition, we decided tluU it would be im])ortant for the computer 
to speak the word to the studenlvTIic word ''mouse" which you have 
just heard the c(>mj)uter speak wHr'TK^ touched the word '^mouse" 
IS information stored in this audio device coruiected to the terminaL 
The voice comin<j; from the com|)uter sounds liJke a human, because it 
is a recorded human voice. [Audio df^vice and disc shown here.] On 
this Ih^.xible disc we are able to record 4,090 audio messages or 22 
minutes total 

wSuH'.e recordings as well as play backs arc ])o.<.<jl)le, this feature is very 
useful for tea<'hing foreign languages. 1 

When I touch lhis^cre(Mi, it is ru)t the terminal directly controlling 
the [)icture or the sound. Instead, this terminal is sciuling this infor- 
nuition back to a computer hundreds of miles away. Being a large com- 
puter, it can make very sophisticated dccihicns instantaneously and 
serul information back to my terniimd as to what should be done. Even 
though there are huiKh'eds of others u>ing the system ru)w, you can 
se(! that tlu^ response to our retjuest for the word ''rncni.^e" was given 
to us wit bin a fi'action of a second. 

In aihhtion to the^e graphic, audio, and touch capabilities, we found 
that another imj^ortant featuri* for teaching in areas such as biology, 
chemistry', and nu'dical scieru'e was the capability to projecit slide 
inuiges. l^Uv projected ^lide inuige must be of high ((uality color 
sidected by the computer and superimposed over the computer- 
generated graphics. Although yon cannot see this color slide on the 
monitor because we don't ha\e a cijlor (innera, the computer terminal 
scrijen in front of luv has the picture in color. [( 'omputing slide selector 
denu)nstrat (m1 luu'e.] 

'i'his e(pii|)nuMit a!oiu\ does luit teach, of r-ourse, but what it does is 
permit tea(duu's to program it to teach in a way which is limited to 
their imagination and rin^itivity rather than being limited by the flex- 
ibility of' the hardware. 

An interesting side m)te lu-re. Yiui are looking at a very novel flat 
pamd display. The reason we can j)r';)jef't color- images from the slide 
behind the j)anei is because t lu^ (lisj)lay pane is not only flat but 
ti'ansparent . A '2f){\ page color te.\tlu)(>k t un be j)lace(l on a microfiche 
which then can be h)aded into this sj)ace on toj) of the terminal, 
permitting these inuiges to be selet-tetl and projected on the back of the 
screen. This Hat panel dis|)la\- opeiwd uj) an entin^ ru'w display in- 
(hist rv in t his count ry. 

Today nuijor eomj)ut(*r manufacturers use this dis|)biy for ])anking 
terminals, cash registers, and (U her busine-s a[)j)iications. 



188 



1S6 



Wluit yon li)t\(' jfi-( ('cn arc -■nrulard inodr- f)f communication 
Ix'lv.t'rn llir -tii'icnl and ilie r(im[nii('r. We had jjiTfiirtrd that tlios(» 
feature- woulil n(MT>sai\\" in orih'P to t<'a(di at all irvcls from do- 
incniars^ tlu'onj^li jzra(hiat(» -rdiooL I lowcs-cr, \V(» kn(»\v aUo tlnil 
fcainrrs wonid stiU nol he -nflitient to (-over aU |)()»il)ihli('.~. I^'or 
exiiiMple, in N'a(diinLr nni -if knew that it would he ini|)<>r(ant i*; he 
ahle to ^yntlie>i/e and phtv niude. Sneh a feature wmdd nnik(* it 
j)o>^il)le to u>e (he f r)m[)iit<'r an aid in eom[)o-inLr tnii-ic. 

'I'hu-., 1 ha\e with me loda\ a hox which wa-^ hnilt to -ynthesi/.c* 
rnu>ie ii! four voi' e>. 

[Mii>ic demon-t rat ion e^ivcnd 

Mu-ie hoxcs with more than four vm/k-cs are now i)ein^ hnilt. IFav- 
inLT >een tin* mu-ic ho\(»s. the rnu>ic tea(dier a^kc(l if il \v(M'<' possihh^ 
to have the mn-ie n(»te> appear on the >creen a-^ ih(\\' ar(.» |)la\(Ml hy 
tin* mn-ie l>o\. you ean >ee here, we were ahh* to accommodale 
t hem. 

The- ability to attach -|)ecial devices is hnilt into lh(» terminal 
-ince we cannot predit i in advance what >|)ecial deli^'(M'y (levi<'(*s 
nnirht he nece»ary for certain types of education. A> another (»xamplc 
t)f a special rlevir<\ wr' have with us today a hox which will j)ro(lu(:(* 
a r-()rn[)nter-L:enerated voice. .Vs \-on will see very shortly, it sounds 
like a computru'-^eneraied \(>ir-e in>tead of a human voic(*. 

My next exjiniple will illu-trate several thin^^-, Hesi(h»s a. un- 
])U}er-irenerated voice, 1 will jzive \ on an exam|>le of what W(» uhmui 
hv jinlirin^r c<wice[)t.- rather than h\ ' ■)mparinLr answers. One can 
readily -ee how in the math anrj -r iiMU'e aren-^ one ean jud^e a stud(Mit's 
re-j>on-e ha>erl on >torcd r-onecj ' 'I'hi^ can he done to >ome (le«^^roe 
ev(ui with the written word. 1 will nr)w write a >(Miteneo and tin* com- 
puter wil' first read the -entence lo m(' aurl then. aft(*r analy/in«r the 
>ent(uici'. i!lii-.trate li-e nu'aiiim: of the >ent(Ui<'e l)y |)rodnciiit: a short 
-kit on I hi' -ci'een. 

|( 'omputer voiee ar-d -entence judLTiniT deni' <; i-^t ra t ion.] - 

If \"ou are u nativi' in the lanu'uaire, ihe computcr-i:(»nerat(Ml vcico 
is ade(piate. If \r)u are not, the voice retrii'val de\ie(» shown earlier 
i> m'ee--ary. 

[('omputer voirw' i leiruwi u ra t ion d 

Another importani erhicatiorud appliejiijori i- the n>e of the system 
as a simulated laboratory. We have nomy Ivpes of laboratories in- 
eludiiii: bir>l<iL''y ami ehemi-lry, wher*' thi- kind of interaction is used. 
Tlu' example 1 Mn> -howiuir xou nou i- a ehemiM;y laboratory experi- 
nnuit where the student rMMifroU a ili-tillation exj)erim(Mit . Here aj^Ji-i'U 
we ar(» exploit int: the e(uicept of pultinLC the control in the hands of 

tile U-«U'. 

I I)em(ui-l rat ion of (dienn-tr\" -imulaN'd laborat<.ry,] 

Thru'e }U"e nnm\ mere e\:iniple^. but I -ee niy lime is uj). Thank you 
for f hi - r)ppoiMini( y i r> t:i\r' \ r)!i H 1 ii'irf ■\am|)le of the kiurls of I liin^rs 
that a cr)mputer-ba-<'d edueation .-y-tein can <|o, 

Mr. Ukii. i:\so\-. Are tlau'e (pie-tion- tor Dr. !>it/.er? 

Mr. Su .\NS(*\. That \^a> a very impre>>ivo di-phiy about wduit 
von could enll -t a t e-of t lu-a iM terhiioloL^y bfM-nu-e it is :i service, 
as vou -av. in quite a I'ew -rlionU aromid otu- nation. 

I W')uld likf^ to i:et -ome LfeneiMl ba(d;i.rround for a miunent. The 
th'Tiir i- that obviou-ly thi^ teehnolo^y did not. conic to us free. I 
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wMs wornlfMHi^ if noii cduU lii'-.t of nil irivo us n t/onornl l)all[)ark on 
wlntt tliink tlic loin! « !c vclrj) .hk iil. costs of IM.ATO are to tlato 
and jjirt irive u.-^ a .Ln'o-> hrcakout of where the fuiuls came from. 

Mr. l5iT/.KK. Ill anaiv'/j.ii-r the fiin<hiiLr of the PLATO >vsteni from 
its inception. I nur-^t say that tlio an.-wer i> rather coniph'x because 
we have- had many kinds of fundcrs. Fir>t, I wouhl divide the time 
MM'iod from IDfjU until now into thi'ee i)ha.-e>. I'he fir.-t phase would 
)e a[)pr()ximately Mic iir-t S ycnr^ when the money that was used to 
(h-^vcdop the concepts of IM.A'I'O came froni the joint service pro^^ram 
of th(^ l)e(.airfmcnt of Dcfcii-e. Althou<rh t hi^y had n hihoratory whose 
nii>sion wa- fpnte diifeivnt from what vou wouh! think of as* normal 
cihication, they >aw '.he |)otentiaI u-efufness (;f the | roject. 

Konowin<r that t'l tial period of lime, the fumhs f<»r the intermediate 
period of ilevch)i)mciit came |>rimardy from threes -iirnificant sources: 
One, the FechM-al Oovcrnmeiif in the foriu of ,-uh>tantiaI funds from 
the Natiomd Sncncr Foun(hiti{)n jind the Advanced I^vearch Proj- 
ects Aircncv aiid, two, from the State of Ihinois, whicli has made 
Hirnilicant contrihutions to the tune of humh-eds of thousands of 
dolhirs annually And, th.ree, fundinir hu.s come in the fori!i of free 
coFiipufiM- a«(c.-c~, fr-oui industrial lirms. In reference to tliis last 
-ourcc, 1 nnudit -ny that on(^ shouldn't neirlect the ca|)ital invest- 
iiK'iit th/it ;iiiliiMrial hrms make in trvinti; to pi'oduce the \-arious 
comp(;ncii!^ Wi in the --y>tem, altliou^rh I'm .-ure their objective 
Ml doiiiL^ 1^ to icmIi/j' n I'Mtc f)f rclin-n from, umiil" the com[)onents in 
ot her area. 

Tlio-e three -ource- h.tve been t!ie mnjoi- contributors ujj to tlie 
pre.-ent time. If I move Id the pha-e of f le\'elopnn*nt w(^ are j)resently 
in. we -tdl reccivi' a MLnnhcant anuMUit of fund- from the vState of 
1 Ihiioi.^ and wdl i-ont imie to do -o. 

.\,Lrain. we rec(Mve fund- in the way of e(piipuient i^rants from indus- 
trv, pariK uhirly ( "ontrol Data ( 'oi'p niul limdiy, we'receivo fund> from 
vai'tou- u-er- whh h jire on the --y--tein. \V(^ do'hnve luall am(junt of 
I' -'deral funds at tin- time, but it i- ru)t a >iLMuncMni amount. 

Mr SwANsoN. What i- (he t(»(al? 

Mr. P>: r/.KK Over the IT or is years the total would come to about 
J>2() million, if yo!i ndd m ?dl of tiie things 1 have mentioned. 

Mr. SwA NsoN. What would be t he lot hI proportion of that in millions 
of dollni- fioMi the I''ederal ( lovermueiit . 

Ml'. Uii /.Kit. M y Lme-.- 1^ tinit tiic I''edernl Oovernnieiit hascontril)- 
Uted MUuewhere ju the Iiei'^d i boihond of $10 to SI 1 million, or roui,dilv 
about TjO percent . 

Mr. .SwA.NsoN (iiven that kind of investment in terms of the Fed- 
(M'al ( Jo\ernment . wouhl I hat have been the crucial amount of fnndinc^? 
In other word-. 1 mn tryiiiLT to l^'I to the ([ue.-tion of the role of the 
FeihTjil (ioveiiuiieiit in ^uch R. tV I). 

Mr. liii/.KK. I cannot .-ay for .sure tluit PL.VTO never would iuive 
hnppened without I'^'deral (iovernment ladp, but I can say that I'm 
prett V -un^ it wouldn't have hnpijened in thi.s century without i\ni helj) 
of the Federal (loverument Their fundinir brou-ht toirether a lot o' 
the idea.^ and e.\[ierli-e :ind nuide M po.--ii)le for us to develoj) and im- 
plement t he-e idea-. 

Mr. SwA.N'sn.N \\ a- (hat the iip[»ropriate model io follow in terms of 
the Federal (lovernment >ub.-i(i:zinL: the ilemonstratiori and develop- 
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mcnt asporcs of your pr-jr-t uiul tl„.ii lu.vin- tl.o innrkctin- lian.lle.l 

\Ir BiTZEU, At tliat tim.' I tlunk tl.-it wm> an i.loal way of pro.ved- 
in<r, I tliink tlie motlio.l of proceodiiiv: is a function of tli.! tune i^cno.i 

^'Tjri'm'aliv. Mipport for ( •AI-. oni|.uter-h,ise.l inst ruction- was in 
the fo7rn of verv .mall -rant> f.u' v.uy lar-o nunii.ors of poopl- across 
il,e couutrv. th. result of wi.ich really -ot^ nowlu'ro^ i hen 'l,oy- 
^^ov...rnn,o.a-u-,.nt Lack to hu-cr fun-lmt' for a Mnallcr n-un ;•. f 
people, An.l no^v I think ue ne.-.i to -o to a new phase or tyi.e "f 
tup hecau.e the techn. lo._^v an.! knowle,l-e of th.' hehl has '''""'^^ ' : 

In niv written te>ti:ronv I have propose.l a plan whidi e>sent all> 
hus three kin.U of p.irtiripation by the Fe.l.'ral Covrnuient winch ^^6 
think are crucn.l ,f ue are to succe,.,l ii> the an'a o '''''\'\'Tl{^''Xrl: 
education. One h tlx- area of ,nak,n- it iH>s..l.le for the '"" ' ^ . ,^ 
u,u.etlwex.st,nt: technology. 1 .ni-ht i-omt out that uUhc nn> h ! i 
ami practice areas lar^'e a.l.litional ._'ain^ an- >hown even u> chiUIn n 
who have a verv hej. a.'hieven.ent level in our -H>..,1 .li.st ru^t-a bout 
1 vears |;cr v.'-ar m school in the. nonual chi^MToni. With eoni - itci- 
bn-;-l education in the .Irdl and i.ra. ti.-.' ar.'a we have been able to 
atta.n twice that p.in per year, Th» past year ^' ;>''7;;: ' - f, 
years per vear u, ^hool m coinputer-pre^eu ..1 anthn.e ic < >11 ' 
practice arcu.. Thi^ L'ain wa.- attuine.l hv -tud.nt.^ at the fourth, fifth, 

Thi^^!Ml'e"!fL !,^'ve,u(-nl l...u,.'fii not only th," children who are low 
adnevers but aUo it make.. po.^Mble f.u- the hiu'l, achievers to make 
,.ven fa^ter "'ain>. Thu,-, we prop.-" that m..nev be made availal)lt to 
let stn.lent> .)f all levels .,f Mc.hic- lu.'nt participate, 

SecomI, we think there i.^ a .-reat .leal more r.-search to be .lone. 
We have l.^arne.! a lot. We have ha.l some suc.w.rs. W e have had some 
tliiii-'s whn '■! we think are succoses. but we can t prove it yet. And 
u-,. have ha.l perhap- .Mie failure. We think, that with appropriate 
research hel,. at the mMilu. Hand h^vel, v, en lu-ne^ .he same kmd o 
..„cce,.s to a w,de vaneiv of proi:ram> ,■.1 all level-- f.u- j''' ><; ' 
.-hildren, both overa. Im.ver- ami umlenndueyer. u,.h;pcn.h.. o 1 a I 
subject thev are .stu.lvniL'. Il..wev..r, it wd lake uue " • 

We think the F- deral C.overnment .an ami --liouhl ].lay a ^n^ im- 
i„-,,,ortant role m Mu,kin^ this re-..ar.di .-.uni.uter-ba.se.l e.lucation- 

''''•lin"; hmdh, we think it un put er-ba.e, I e.lu. aimn is ^''^^^^J^ 

h,„ n We thmk th.. F.'d..r,d ( ;.,v..rnmcnt had better help cont.o 

how it happens. So we pP om. that b..f.uc we put a .•oiuputer eruunal 
in everv home, o- rather b-.f.-re the people put them in ev.uw luune In" 
Mini.lv'bem ' ab ■■ to a.'.piiiv them, that we M.lve ^omc .,f the problems 
,„„1 nnk at ^.uii.- ..f the .-.inal i--ue^ that may evolve. 

V,e are lookim.' th- p.-^^dulil les of limllli- a .■.a.p.M'ative city o 
.e.-ment of a . itv t.. u.r as a ,!,.|,mn>t raMoti site wher.. , he s, h, ,ols and 
\\Z h.unes won!.! be s,.,.v,.d b> ju.t on,, system am Mu.l.e. to see h. 

,„.„pl,. „,-e „tT,...t, ,| iin..r a IVw vears. It w,.ul.l be -oo.l to be able 
(,. do thi-^ now bi.f.u-.' Ilic -I'uah.Mi out .if .•onlroi. . 

Mr Swans,, N I w.miI.I lik." 1.. i.'U. li <ui >..m."thin.' you raise.l, le 
i.;,,.. of the evaim,tu..u ..f a -v-t.-m like PLATO am its ,m,a,ct. We 
have b-en in contact with lu le at the Lducalional 1 eritmg bcrvicc 
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who have been rosr.o.isiblr for .•oi..l..c.tinK the evaU.ation of PLATO, 
on.l their stiidv viekled the followinfr results: , • i 

N iXr Vhilc PLATO runs and is a sucess technically and 
m;na"endl}; irS.! to enhan.,-e the quality of ^^^^^^^^ 
that is theV fared as well whether they received PLAIO lessons in 

^Sn.rU^a'nVeCrorttri.«n. that is. PLATO did not tun. on 

'''S 'te'acheTand stu.lents rate.l the system as dear and the 
lessons as pood and both like.l the i.iea of using it, he:.ce, we could 
generaliS that the systc.n.was enjoyable but seemed to make no 
flifFprpnre in the level of achievement. ... , 

I would like to a.sk do you feel the assessment procedures utdized 
were adeouate in this case ami that the results fairly portrayed 
PLAtO'' Second, what evidence would you offer to counter this? 

Mr BiTZER. First of all, that is a report based on the community 
college work, an area which was new to us, and I might add that being 
able to have' the administrations and students of community colleges 
en husiasU." about this method of teaching and on the first attemp 
have sUident achievement be equivalent to that attained in a normal 

''X'^t'objextwe'rwe tol.i ETS, was to make sure that in these 
insti ution- articuliirlv institutions of higher learning, he faculty 
nnd a 1mm istration fee' co.nfortah.. with the system and want the 
wnnlem^^Ut on We have all seen many cases where good materials 
have beei prograinme,! for T\- presentation, and students showed 
5ood a chievement. However, the niode of mstruction was d^^c^ntoued 
V-erause the method of instruction was not acceptable to st;Udeiits 
S it is' 'rv importa-.t that the teachers and stiwlents perceive that 
what t' -V iri ng is worthwhil(i an<l accept the method o instruc- 
lon .ic. on l the verv narrow measures which were made of student 

Sevemcnt'.l 1 not^ measure many of the '•fj,^[;i':'^''*;-,f ttter 
.indents demonstrated, for example, the abilitv to write t>etter 
oomnos tions. even tho, gh there was no improvement in t^'C'r gram- 
Zr These k ".Is of achievements do not show up m an evaluation of 
Zt' tvoT We think there is mu..h room for improvement in the 
^':iiofofei'ah.at'ion. In fact., we visualize the ^>-te- - a rnechanism 
for really looking at evaluative procedures as well as teaching pro 
ledures. and we^.ave a large number of people across the country 

Mr'l'sSv^'uke'it'vou woukl welcome another type of evalu- 
ation or^enef of evaluations. We raised tl-.is question e,a-lier with 
\ r CHntrand Dr. Hoffman. If we proceed with further evaluation 
whose responsibilitv is it to fuml these evaluations and carrv tb^™ out? 

Mr B T/.KK. I Voul.l recommend that there be 'jvabiations by 
various tv^es .,f institutions, one of which should be the Federal 
G^rnmerit Also, the institution doing the evaluation probably 
siiould no he the same institution that does the funding. F rst 
bee seU puts pressure on that institution to spend money m another 

P ton u 1 second, it would n-niove any indication of possmle 
S 1 io"'b Uveen the Evaluating agency and tL'-funding agency. But 
in addition to institutionalized evaluation studies, one has to do a 
lot of evaluation himself. 

Id:, 



190 



Let me explain that there is a problem with too much evahiation of 
the wrong type. There are cssentnilly two types of evaluations. One is 
called formative and the other is called summative. In the formative 
evaluation you define what you are trying to accomplish and describe 
how well you are accomplishing it, whereas, in the ..ummative type of 
evaluation you assume that you have worked out most of the problems 
and are trymg tc establish the fine details of the statistical results. In 
my opinion, there is a lot more formative evahiation needed before we 
get to the summative areas. 

I think the biggest problem is that you do too much summative 
evaluation, you will forget you are out there to teach the students. 
There is a tendency to become interested in the experiments and in 
gathering the research results for our own use while neglecting the fact 
that there are real students out there going on to the next level. Thus, 
we ought to make changes when we see there is a problem and to 
correct those problems rather than sitting around saying it is a beauti- 
ful evaluation and we are gathenng data and forgetting students. 
We shouldn't do too much of that type of evahiation, and I think 
there has been too much of that done in the past. 

Mr. Bkilknsun. Are there further questions of Dr. Bitzer? Perhaps 
you can continue questioning the doctor and if perhaps you have com- 
pleted then you could go on with Dr. Volk's testimony. 

Dr. Wells. Dr. Bitzer, I talked with Mr. Norris just for a few mo- 
ments about the dissemination model which seems to evolve between 
yourselves and Control Data, associated with a number of other 
agencies. I take it the State of Illinois participated, and I understand 
the Defense Department also provided funding. So it was a rather 
large number of private and public organizations involved. I am 
curious as to the evolution of the particular arrangement which finally 
came out. At what point along the line did you consciously begin to 
think, now that we have this potential which is arising from this re- 
search, what are we going to do with it and by what process are we 
going to get it into some kind of use, either the schools or industry or 
whatever? So let us go back to this dissemination model question and 
if you could express your point of view on this and give us some insight 
into your thought process. 

Dr. BiTZEU. There are two viewpoints that we had as to dissemina- 
tion. One thing we realized was that the university cannot be a mass 
disseminator. We can do a fairly large experiment but eventually, if it 
requires equipment and mass production of any kind, it has to be 
handled by industry. vSo as we developed our products, we looked for 
mechanisms for getting them produced not only for ourselves but 
for other people. 

Along with that aspect, we had our own question of how we should 
disseminate the tenninnls which we were constructing. There were two 
diverse opinions at to which direction to go. One group favored con- 
centrating on a very narrow objective, such as drill (md practice in 
the grade schools, or a reading program. This group thougnt that hy 
our entire resources nnd terminals in one area we couK! do a definite 
experiment and essentially guarantee that we would come out with 
more positive results. 

The other opinion was that we are a research outfit and the sooner 
we leam about all of the problems the less likely we are to be stuck 



191 



with a system that does one job well but cannot do anything else. Of 
course spreading resources over a much broader area doean^t allow 
us to go into the depth to solve certain problems that we would like to 
solve. 

Nevertheless, I thought that there were enough people who were 
quite willing to take the sure thing and give up opportunities for the 
future. Particularly I thought that in a call involving Federal funds 
coming from something like the National Science Foundation, and 
people whom the Government and the State have invested in as re- 
searchers should not fall into such a conservative category that they 
are frightened to take new chances. And so we took what I would call 
the high risk direction in order to gather as much information in as 
wide a variety of areas as possible. Having gone through what I call 
the period of maxinuini stress a couple of years ago while trying to 
handle all of the broad spectrum of events, I now look back and say 
that we did the wise thing. I say this because in fact we now kno^y a 
lot more about how to get involved in teaching in areas of applied 
arts and social sciences and in the elementary areas as well as the 
college areas. We now know how to provide the capability of lesson 
writing to the teachers and professors and other people interested in 
creating le.s.son material without them being experts in computers. This 
alone has made a .significant difference in the attitude of teachers 
toward the medium. At the elementary level it is possible to find school 
districts that are completely happy to take whatever you will hand 
them, particularly if they are u.sing government money to pay for it. 

I must say that at the university level or upper educational levels, 
professors do not give up their rights so easily on what is being taught 
and what materials are being used. It is important if \ye are to reach 
those areas that we involve them in creating material and in the 
methods of evaluation and leave the creation of new material to them. 

Mr. Wells. This probably is one of the most difficult problems that 
the Federal Government faces. We have within this committee 
another subcommittee whicli is wrestling with a uniform patent 
policy bill which has been introduced and very likely hearings are 
going to be held in the spring. This is going to impact the technology 
transfer process and we are giving a great deal of attention to the 
total problem of technology transfer as an abstract concept and also 
tr>^ing to look at it in terms of specific cases or instances. 

That is why our ])articular interest in the arrangements you have 
developed with Control Data Corp. as being on the face of it the 
kind of model that certainly looks like a successful wav to move 
technology from the mind of a university researcher to the market- 
place via the private sector which has the mechanisms to go to the 
marketplace which the university does not have. Yet the question 
always lurks in the background and has been at the heart of a 30-year 
debate in Congress on what are the relative rights with respect to 
various parties. When the Federal Government provides funding for 
research the cla.ssic populist doctrine has been that it belongs to the 
people and therefore is in the public domain. 

I will not go into a long discu.ssion of something you are fully fam- 
iliar with. But trying to set up your particular situation in the context 
of this larger debate, the opposing argument is that anything that is 
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in the public domain is not likely to be developed. If it is available 
to everyone, then no one will develop it. 

So we have had this terrible dilemma for some 30 years and each 
£M:ency of Government has developed for all practical purposes its 
own set of patent pohcies despite President Kennedy's efforts in 1963 
to set forth^by Executive order a kind of uniform policy for the Gov- 
ernment. Iet4hat did not lead to uniform policies in practice. We 
are now strugglmg with this and Congress will be struggling with it 
during the* next session and perhaps into the following Congress 
before really for the first time in a generation coming up with a 
uniform patent policy. 

I take it what you are saying is that unless you had a somewhat 
protected position— and as I understand the arrangement between 
you and the National Science Foundation— you are permitted to 
release the PLATO system on a nonexclusive licensing arrangement. 

Mr. BiTZER. That is correct. 

Mr, Wells. As of now Control Data Corp. is the only one who has 
approached you or that you have entered into an exclusive licensing 
arrangement with? ^ 

Mr. BiTZER. I would have to look. We have licensed, I would say, 
a dozen different companies to manufacture the products which we 
hav^e invented. In this country the Control Data Corp., I think, is the 
only corporation that we have licensed to produce the system, but 
^i^- ? ^ entire system on a nonexclusive basis. At one time' I 
thmk the Japanese also had a system license. I don't know the status 
of that. But certainly if another company asked us to license them, we 
woul(l because our policy at the university is to bo as nonexclusive as 
possible. As Mr. Wells has stated, the Federal Government is agonizing 
over whether making things freer so that the public will appear to 
benefit will result in no one doing anything or v/hether making it more 
restrictive \vill result in someone making it available to the public. 
The university too, struggles over whether they can put our exclusive 
nghts in order to make it more attractive at least for a period of time, 
so that .someone will run the high risk of the financial investment neces- 
sary to make the product available. If not, a smaller company will 
only find out that a large company moves in and wipes out the risk- 
taking company once they prove that all the problems are solvecl. 

Mr. SwANsoN. You mentioned in fact that the University of Illinois 
provides PLATO service— there were two terminals you mentioned 
this morning, one running to Minneapolis and one to IJrbana. 

Mr. BiTZER. We have three terminals. We are on both systems and 
both systems are connected to each other. 

Mr. SwANsoN. That means that Control Data Corp. has tlieir own 
computer facility which is able to furnish PLATO terminals around 
the country as well as the Champaign-Urbana? 

Mr. BiTZEU. Oh, yes, and there is another system at Florida State. 
PT A^pn "^^u^^'. Control Data have their license to sell 

I'LAIO— what Tro. trying to get at is have you segmented the market 
or (lo you both compete with each other? Does the University of 
Illinois compete with Control Data in providing PLATO service or 
how do you decide who sells to what kinds of customers? 

Mr, BiTZER. That is a difficult question, but I can tell you the 
legalistic terms. 
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Mr. Wells. Should universititea be in the business of providing this 
commercial service? 

Mr. BiTZER. First of all, this is one area where you can t do the 
research without having customers. You cannot do it in absentia. 
Everybody recognizes that, including the business parties. Besides, in 
the long run, the benefits of the reasearch will also be for the companies 
involved in disseminating the technology. We— University of Illinois- 
consider ourselves in competition when, in any one institution, we 
install more than four terminals. For any institution outside the 
University of Illinois, if we install over four terminals we consider 
ourselves m competition with CDC, and we would not do that without 
their permission. For less than four terminals, or up to four terminals 
we will take, on an availability basis, anybody who would like to do 
some experimental resjearch with us. 

Mr. SwANSON. Say I am a! school district in Baltimore and I wanted 
to have PLATO for my school, would there be in effect then two 
vendors available, the University of Illinois and Control Data from 
whom I could purchase PLATO? 

" Mr. BiTZER. The University of IlHnois for up to four terminals or 
Control Data Corp. as many terminals as you want unless it becomes* a 
research program. 

Mr. SwANSON. So then you dichotomize between experimental and 
commercial? 

Mr. BiTZER. If, in fact, a major portion of the funds involved are not 
just for renting service but in fact doing evaluation and developing 
course work and so forth, then that is completely excluded and 
considered research and not competitive service. 

Mr. SwANSON. So basically you partition the market mto experi- 
mental and nonexperimental as well as the number of terminals in use? 

Mr. BiTZER. And any institution within the State of IlHnois, either 
governmental or educational, is excluded. 

Mr. SwANSON. Say, I'm a small institution and can get by with four 
terminals and I want to buy PLATO from the University of Illinois 
and the other option is Control Data. Hovr much would it cost to get 
the four terminals, from the University of Illinois? And what is my 
competing cost factor from Control Data? 

Mr. BiTZER. -From the University of Illinois we price the product 
just as if u-e were paying for everything. But because we clearly don't 
nave the samc-ovcrhcacl or profit motive the costs are not the same. 
We ask the individual to buy their own terrainals which run slightly 
over $5,000 each. We ask them to pay their own communication 
charges, whatever they may be depending on their location. Then we 
charge them $2,500 per year for each terminal to access the system. 
This access charge is like $1 per hour for whatever services they need, 
including maintenance of the terminal except for tvr^.vci, and access to 
all courseware. 

Mr. SwANSox. What would be the comparative CDC costs? 

Mr. BiTZER. My guess is that CDC costs would be three to four 
times as high. r v • 

Mr. vSwANSOiV. Thank you very nauch for bringing all of the equip- 
ment. I might mention that the equipment will be on display through- 
out the rest of the afternoon once the hearings conclude. Ar.a we have 
mailed a ''Dear Colleague" letter to members of the Hov^se and Senate. 
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Mr. Gallagher. On page 7 in your conclusion there as to the third 
focus, the F-<,k»ral nrogram [Mr. Gallagher quoting from statement]. 

As a ''v ^ nen I think of a national network, Pm thinking 

commft' :> flS or NBC television national network. When you 
speak i- ■ ■ - « lly'' of course a by-product of this will be activity 
on the House ultimately and there are going to be Con- 

gressn- the plusses and some who see the minuses. That 

goes w,:. which brings up the old adage that he whd funds 

it runs it, ns Federal intervention and control. 

But divcjL\ a moment, am I correct that in building this 

futuristic nob ^u speak about wiring together a complete city 

with homes, fay , and businesses, and aschool population and then 
perhaps interlinku;^ cities and developing that way, I imagine you 
could wire a State together. 

Well, this get^ right back to what I was touching on somewhat be- 
fore, who conti' all this? Who picks the peer reviewer? After the 
program is in pi r"v; for a while, who evaluates it? who picks the evahi- 
ator? I think ihf^. ■ will be a lot of debate on this on the floor. 

Mr. BiTZER. 's, and I couldn't agree more. You have focused 
on a veiy impu u*.t point. That is the reason we suggest that the 
Federal Government get involved at a verv early stage and designate 
some new unit in one of the existing agencies to start looking at these 
problems as early as possible. 

My guess is that even without control it would probabl}^ happen 
anyway. We are linked together with several systems now and we 
could probably link together hundreds of systems and millions of 
terminals within the next 10 3'ears. If they are made available in the 
free marke:;place, people will buy them and they will be linked to 
the system. In this case, expansion and strategies developed without 
careful preplanning may give undesired side effects, whereas, if we 
plan very carefully now, I think we can develop the necessary govern- 
mental laws, restrictions or regulations., which will guarantee better 
service and minimize any dangers. 
- Mr, Gallagher. - Do you envisage a single national network or a 
plurality of systems? 

Mr. BiTZER. I visualize the network as being very much like the 
telephone service, a regulatory t3'pe agency in the sense that it will 
provide its service but it will not tell you how to use it. 

Of course, the services will be much more extensive and involved. 
For example, such things as instantaneous communication worldwide 
and national libraries will be available. We are working now on a 
system to provide on-line capability and access to a 2-million-volume 
library with the capability to search it in a fraction of a second. 
Those kinds of services would drasticall}"" change the way people use 
their existing services, and there would be a substitution of com- 
munication for transportation. We could bring high quality libraries 
and searching capabilities to everybody in their homes, making large 
libraries available for the general public as well as to professors. We 
think these things are going to happen. We.^can show you some of 
these things now and that's what makes us thir^k that will happen on 
a large scale eventually. 

Mr. Gallagher. You refer to a telephone S3^stem. That is a neutral 
object where you have a dialect between yourself and the party you 
talk to. The party you talk to has not yet been programed and it 
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is spontaneous. You do have the interaction we have heard about 
today, but you still have to program the initial matenal which the 
student is tapping. So is that an apt analogy I wonder. 

Mr BiTZER. I think.so, in the sense that I also view this network 
BS a medium— people ask what PLATO teaches. It is not PLATO 
which teaches. It is the ma^terial and things that neople have done 
that either teach or do not teach, utilizing PLATO as a medium. 1 
view PLATO as being a medium with which you can do things you 
have not done before. * n u 

Certainly there will be things available on the system that will be 
valueless. They probably won^t make any difference. People won t use 
valueless things very- long. And there will be things of great value. I 
think we have to establish very soon a program which will help 
encourage the valuable things and discourage the valueless ones, i 
can see that as a role for the Federal Government. Otherwise, it is 
going to take the route of commercialism and you are likely to turn 
on your terminal and get a 3-minute commercial on what is available 
'at the local store. . . 

Mr. Gallagher. If you object to television programs you can 
always protest and you have other avenues to put pressure on the 
New York networks, whereas if the Federal Government is involved 
you can protest by not paying your taxes but then you re thrown in 
'the slammer 

Mr. BiTZER. An important aspect of this system is that we have 
a lot of competitive lessons in the same area. Right now in the class- 
room if a professor decides to teach a given philosophy, which most 
■ of us'find offensive, we don't even know about it. It is wery^ hard to 
find out. It is sort of a sacred hall for a professor to say what ne wants 
in his class. I think we will provide the same type of situation in this 
system, except it won't be secretive any more, because everybody 

^^I think that you will get enough feedback and incentive to do the 
right job. This can be accomplished in part by opening the system 
up to anybody who wishes to participate; by making it possible to 
%vi4te- competitive lesson materials; and by establishing some reason- 
able reward system such as royalties for materials used. 

Mr Gallagher. Getting back to what Dr. Crandall said, you 
turn these kids from externally to internally controlled aud you leave 
the house in the mornirxg at 8 o'clock and you come home at 5 and 
you have a bunch of rebels on your hands. So I want you to think 

^^Mr.BrrzER. Thank you very much Mr. Chairman for allowing 

us to appear here today. . .r^ ^ , n ^ * 

Mr Beilenson. Our next witness is Dr. John Volk, the product 
line manager of Hazeltine Corp. Doctor, it is good of you to come 
over here and discuss this matter with us today. 

STATEMENT OF DR. JOHN VOLK, PRODUCT LINE MANAGER, 
HAZELTINE CORP. 

Dr Volk Thank you very much for inviting me. Vm going to 
talk about the TICCIT, the computer-based instruction program 
today I will first tell you a little bit about the history of the program 
and then describe the system and tell you about some of the results 
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we have had and their initial applications and try to be specific there 
and then finally point out some opportunities where I think the 
Federal Government could perhaps be doing more today than it is 
to further this technology. 

[The complete prepared statement of Dr. Volk follows:] 

/ 

Prepared Statement by John Volk 

Good afternoon^ my name ia John Volk; I am director of engineering for 
Hazeltine Corp.'s Edueational Systems Group. Hazeltine Corp. has for over 50 
years been a leader in the development and application of information electronics 
technology, including basic contributions to the development of color television, 
military electronic systems, and computer terminal equipment. The corporation 
has annual sales approaching $100 million, its stock is traded on the New York 
Stock Exchange, principal offices and corporate headquarters are located in 
Greenlawn, N. Y. 

.Hazeltine's Edueational Systems Group was organized within this past year 
t^ manufacture, support, and to market the TICCIT » computer-based instruc- 
tional system. Offices of the Edueational Systems Group are in McLean, Virginia. 

The development of the TICCIT system began in 1968 under the private 
sponsorship of the MITRE Corporation (a Federal Contract Research Center). 
In 1971 the National Science Foundation (NSF) awarded MITRE the first in 
a series of contracts to implement and demonstrate the feasibility of this system 
for use in community colleges. Brigham Young University, joined with MITRE 
in this effort. Prior to Hazeltine's involvement with TICCIT, I was head of 
MITRE's Computer Systems Department and wias directly responsible for the 
development of the TICCIT system. Between 1971 and 1976 many organizations 
came to MITRE expressing interest in the system for their own in.5truetional 
needs. However, neither MITRE nor Brigham Young University were in a 
position to manufacture, sell, and service TICCIT systems on a continuing basis. 
MITRE did though build TICCIT systems for the U.S. Navy, the New York 
State Education Department, and Gallaudet College in addition to the systems 
it built under its NSF contract for Brigham Your.g University, Phoenix College, 
and Northern Virginia Community College. At this point, it was determined 
that the public interest would be best .served by making the system commercially 
available. With NSF's advice and consent, MITRE solicited proposals from 
industry for the comnicrcializa.tion of TICCIT and after a lengthy evaluation 
selected Hazeltine. 

TICCIT was developed to provide the kinds of interactive instruction you 
have seen demonstrated today using low-cost "off-the-shelf" technology. The 
system includes a central computer system that can provide individualized 
instruction simultaneously to as many as 125 students. Students receive instruc- 
tion at student terminals which include a color television set and a typewriter- 
like keyboard. The student's learning experience is, in general, a dialog between 
the student and the computer. The computer presents rules, definitions, and 
e.x'amples on the TV screen at the student's behest. The computer also presents 
to the students practice questions and tests. The student responds to questions 
and requests specific information by typing on his keyboard. The computer 
analyzes the answers typed by the student and displays on the student's TV a 
message indicatiijg whether the answer was correct or incorrect and, if necessary, 
an indication of the kind of error made by the studont. It also maintains records 
and prepares reports on student progress as an aid to the teacher. Every TICCIT 
student proceeds at a pace and works on instructional material matched to his 
knowledge and ability. Teachers monitor the progress of TICCIT students, 
providing guidance and assistance. 

TICCIt is distingui.shed from other computer-based instructional systems in 
several ways. The most obvious distinction is the use of color television technology 
in the student terminal. Color television receivers today are remarkably low-cost/ 
high-reliability devices — they cost only marginally more than the usual computer 
display and provide two very useful extra features. First of all, computer-generated 
displays can be in color (color adds interest, can he used to focus attention, high- 
light key points). Second, full motion video sequences can be incorporated into 
the computer-based system. For instance, a video tape of professor explaining 
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a dififieult concept ean automatically be retrieved and shown to the student on his 
TV in eonjunetion with his eomputer-based instruetional material. There are 
other advantages as well, by eonneeting a TICCIT system to a eable television 
system it is possible to bring eomputer-based instruetion into the home. This, in 
faet> has been done in BuJalo, New York. Severely handieapped ehildren reeeive 
eomputer-based edueation using their home TV as the display. The final and 
potentially most important advantage of being television-based is that our 
system is eompatible with video disc technology and the considerable benefits 
il will bring to eomputer-based Instruction. 

However, another on-technical distinction of TICCIT has been of much more 
importance to the success of the TICCIT system. A problem faced by all instruc- 
tion technologies has been the development of instructional material (or what 
we call "courseware"). Early workers in the field of computer-based instruction 
found courseware development to be the most significant impediment to suc- 
cess — they could make the hardware work, but the writing and debugging of 
coui*scware was a never ending process. Every developer of computer-based 
instructional systems has had to face this problem und develop tools to solve it. 
TICCIT takes a sy.stcm approach to the entire problem of developing consistsntly 
good courseware. Vic Bunderson's group at Brigham Young University deserves 
much of the credit for this work. TICCiT differs in that the courseware develop- 
ment system assist the teacher in development of instructional strategies, makes 
entry and revision of courseware similar to advanced, widely used, word proc- 
essing systems, and has an automatic data gathering and reporting system that 
provides teachers with reports on the difficulties students are having with course- 
ware. In fact, the approach built into the TICCIT computer is almost identical 
to the courseware development process (called Instructional Systems Design) 
which is now being pressed into service for all instruction technology within the 
military. 

TICCIT systems are now installed and providing instruction at eight sites 
across the country. Over 500 student terminals are in the field. The systems are 
being used for instruction in mathematics and English composition in community 
colleges, in the operation of advanced weapon systems at Naval Air Stiations, and 
in basic skillswith handicappeed children. 

In genera), TICCIT has been found by users to be a technically reliable system, 
free of the defects commonly associatedwith instructional technology. The system 
has been so reliable that most users do not even keep statistics on system reliability. 
At one typical installation where statistics arc kept they show the system is upland 
working properly over 99 percent of the time it's scheduled for student use. 

TICClT has been u.sed the longest at Northern Virginia C!ommunity College 
and Phoenix. College. Both schools continue to use TICCIT today. Educational 
Testing Service (ETS) has collected substantial data on TICCIT's impact on 
these schools and is under contract to the NSF to report on the educational 
impact of TICCIT in these two schools. (The report will be available within 
. ninety „ days). The ETS study compares TICCIT suulcnts-with students- in 
traditional classes taking similar courses. We expect the ETS report will show that 
in comparing students that complete their courses TICCIT students achieve 
significantly more. We also expect the study will .show though that most students 
lack the discipline to work completely at their own pace. TICCIT teachers have 
consequently accepted as part of their rasponsibility to set progress goals for each 
student that are reasonable considering his individual ability. Overall, we have 
been very pleased with how well these .systems have worked. 

Use of TICCIT by the Navy is also proceeding well, Crew members are being 
trained for the S3-A anti-submarine warfare aircraft. Reports from Navy per- 
sonnel responsible for operation of the system indicate that since TICCIT was 
put into use, fewer instructors are required and students learn their material 
faster. TICCIT was justified for installation in the Navy on the basis that training 
traditionally offered in expensive weapon system simulators could instead be 
accomplished with TICCIT — the Navy's analysis showed an expected saving 
of over $25,000,000 by purchasing two TICCIT systems instead of several weapon 
system simulators. 

The use of TICCIT for special edueation with severely handieapped students 
in Buffalo, New York, anri deaf ehildren at Gallaudet College's Model Secondary 
School for the Deaf (MSSD) have been personally very rewarding. Use of the 
system in Buffalo began in 1975 — results though are difficult to quantify, it is, 
hard to put a cost efTeetiveness measure on the success a terminally ill child experi- 
ences learning math. Community support of this system has been great. In fact. 
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since federal and .stat<; Hiipport of the project' ended last year, local charities 
stepped in and continued operation of the system on their own. The system at 
MSSD has only recently become operational and data on its use is not available. 

Overall, from a cost effectiveness standpoint, TICCIT has been most success- 
ful in its military training applications. In military training, reduction in training 
time can result in significant cost saving, as can substituting TICCIT for more 
expensive training equipment. Student motivation is not a problem. For these 
same reasons we expect that training in federal agencies like the Social Security 
Administration, Internal Revenue Servitv, and in industrial training can also be 
cost effective today. 

I believe, and I think the message is clear today that the computer-based 
instructional systems available now are ready to be much more broadly applied 
than they are today and that their use can result in improvements in instructional 
effectiveness and cost reduction. However, application of the.se systems, despite 
their obvious value, is not growing rapidly. 

Personally, I have been most surprised by the small number of applications of 
this technology within the military services. The need for improvement in mili- 
tary training cost effectiveness is well documented. The need for individualized 
instniction, the disastrous outcomes that can result from inadequate training, 
and the difficulty the military has in developing good instructors are all apparent. 
Many officers and civilians directly responsible for training acknowledge the 
benefits of TICCIT and other computer-based instructional systems but appear 
to receive little support from the military training !)ureaucracies when they 
propose the application of such systems. 

rart of the impediment to use of computer-based instruction in the military 
services are the various regulations associated with the purchase of automatic 
data processing equipment. Even though a system like TICCIT is used exclusively 
for training, itsprocurement is administered as if it were a general purpose com- 
puter system. These procedures have little relationship (from either a technical 
or administrative standpoint) with a system like TICCIT. Attempting to follow 
them has been conservatively estiinated.to add two years to what would nornrially 
be an 18 month procurement cycle. Computer systems incorporated in military 
weapon system and process control systems arc* excluded from these regulations — 
computers that are part of an in.struetional system should also be excluded. 

Broad military u.se of computer-based instructional systems would do more 
than cut the DOD's training budget. Large scale production of computer-based 
instruction will result in lowered costs for these systems. In addition, broad use 
will encourage more private investment in this technology, increase competition, 
again lower cost even mo/e, and probably improve performance. I believe the net 
effect will be to bring the cost of computer-based instructional systems down to 
the point where they can be broadly applied in public education. The military 
services should be considering broad application of computer-based instructional 
systems now. 

In spite of these problems, though, one can only be optimistic about the future 
of computer-based instructional «ysto.m.s^sevcraL -good -.systems are available 
"off-the-shelf" today, wc know that computers can inake instruction more efficient, 
a general dissatisfaction exists with the cost and effectiveness of traditional means 
of instruction, and it Js apparent the cost of computer based instruction will 
continue to fall and that the capabilities it offers will sigiiificantly increase. Broad 
u.se of computer-based instruction is inevitable! 

Dr. VoLK. First of all, as to the history of TICCIT, the TICCIT sys- 
tem development began almost 10 years ago at the Mitre Corp., which 
is a Federal contract research center located in Bcston and in Wash- 
ington, D.C. 

In 1971 the National Science Foundation awarded Mitre the first 
in a series of contracts to implement and demonstrate the feasibility 
of this system for use in community colleges. Brigham Young Uni- 
versity joined with Mitre in this effort. 

Prior to Hazeltine's involvement with TICCIT, 1 was head of 
Mitre's Computer Systems Department and was directly responsible 
for the development of the TICCIT sy.stem. Between 1971 and 1976 
many organizations came to Mitre expressing their interest in the 
system for their own instructional needs. 
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However, neither Mitre nor Brigham Youne: University were in a 
position to manufacture, sell, and service IICCIT systems on a 
continuing basis. This presented a dilemma to Mitre and to Brigham 
Young University. 

Nevertheless Mitre did build a number of TICCIT systems for the 
U.S. Navy, for Galludet College in Washington, D.C., and for the 
New Yo^k Department of Education. Finally, after consultation with 
the NSF Mitre went out to industry and solicited interest in the 
TICCIT system and eventually received proposals from industry to 
commercialize TICCIT. 

NSF was involved in this entire process. Last vear about this time 
Hazeltine Corp. was selected to be tne commercial vendor of TICCIT. 

The TICCIT system provides interreactive instru-otion, provides 
kinds of instruction similar to vrhat can be done with PLATO or in 
the Computer Curriuclum Corp. system. It sort of falls in between 
those two systerhs in terms of cost and capability. We think it is a 
very good compromise. 

What I would like to do is show you a few pictures. Earlier today Dr, 
Hoffman warned that those of us who would be talking would show 
ou many pictures of smiling people using our systems and you should 
e on guard against those kinds of pictures. 

But I thought it would be helpful just to show you a couple of 
pictures just to give you an idea of what happens with this kmd of 
system. 
[Slide.] 

First of all, a word on what TICCIT stands for. I won't even try to 
say it. That was a name that was developed by a committee. 
'[Slide.] 

TherS'ICCIT computer system piovides interreactive instruction 
to many students simultaneously, in fact, as many as 125 students can 
receive different instructional material, each at their own pace, inter- 
reacting with the computer at their own TV terminal. 

A typical student terminal consists of a color TV set and a key- 
board. Like Dr. Bitzer demonstrated so ably a few moments ago, the 
computer can display on the screen pictures, information, and ques- 
tions. The student can answer those questions by typing on a key- 
board of by pointing at the screen with an oval pointing stick which 
we call a light pen. There is a dialog which goes back and forth. 
The computer keeps records of the student's performance and prepares 
reports for l.eachers, quizzes students, and gives tests, all the Kinds of 
things you would normally like to have happen in an instructional 
environment. 

Teachers are a key part of teaching with TICCIT. TICCIT does 
not remove the teacher entirely from the teaching process. It changes 
the role of the teacher instead. The teacher is not molved so much in 
lecturing but is involved more in guidance and motivating students 
and helping them with specific problems. 

[Slide.] . ^ 

Now TICCIT is different from other systems in the technology 
that we use and in the way that we enter instructional material into 
the computer system. Tm just going to hit on one facet of the tech- 
nology and that is that we use color television receivers for TICCIT 
instructional material. 
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We do this for several reasons. First of all, with a color TV you 
can obviously display information in more colors than just black 
and white, or in the case of the PLATO system, orange. It is possible 
to show full color pictures that are generated by the computer. And 
that would be quite helpful in tying concepts together and high- 
lighting key points, and so forth. 

Another important advantage of using color television is that it is 
possible to integrate full-color motion pictures into the presentation 
For instance, if you wish to show an experiment to a student, instead 
of showing a computer simulation of the experiment on the TV 
screen, you can actually show the real thing. The student can see 
every thnig that is going on just like he would if he were in the labora- 
tory. 

Another advantage is that because we use television technology it 
is possible to connect a TICCIT system to a cable television system 
and bring these same kinds of computer services that you have seen 
demonstrated here today and that you have heard about into people's 
homes. We have in fact done this. We are bringing instruction to 
handicapped children in Buffalo, New York, into their homes. They 
do not nave a special computer terminal. They use their home Tv 
set as a display and they talk back to the computer with a little 
keyboard connected to the computer system via a telephone line. 

Another advantage is that TiCCIT is riding the technology wave 
that is coming up with video discs. Video disc technology orters the 
capability of accessing literally tens of thousands of pages of infor- 
mation off of a single record. 

Video-based technology is completely copmatible and we think it 
will have a major impact on the cost of the system. As interesting as 
those technological features are, though, the impact that TICCiT 
has had on most users, the most phenomenal impact, is in the course- 
ware development area./In the examples you saw today that Don 
Bitzer put up, you mignt get an idea of how difficult it is to invent 
instructional materials for a computer-based system, to be so clever 
as the people were who put those particular sequences up on the 
system. Most people find it very difficult to do that. 

We have tried— and Dick Bunderson will confirm this, Pm sure, 
in a few moments — we have tried to allow for a procedure that allows 
for good quality material to be entered systematically. We feel that 
the material we have put up on TICCIT today demonstrates that 
quality. TICCIT systems right now have been installed and are 
operating at eight sites across the country. They are providing instruc- 
tion in community colleges. They are providing instruction at military 
bases and they are providing instruction at special education centers. 

In general, we have found that these systems have been highly 
reliable. In the past, instructional technology has gotten a bad name 
because the equipment did not work most of the time. We get com- 
ments like at the North Island Naval Air Station where we have a 
system installed, that TICCIT is the most reliable instructional 
system they have on^the base. We are very proudjj^of that. TICCIT 
has been used longest at two community colleges, one within about a 
15-minule fide from here in Alexandria, the Northern Virginia Com- 
munity College, and another, the Phoenix College in Phoenix, Ariz. 
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The result of TICCIT's impact in the schools we feel generally has 
been very good. , . , , • „ ^ 

Educational Testing Service has been gathering data on the impact 
of TICCIT there and while that report has not been released yet, 
we have seen enough of the data to draw a couple of conclusions Une - 
is that TICCIT does make a significant difference in student achieve- 
ment. Another is that the mode of implementation of oi 
brineing this kind of instructional material into the school, the way 
you do that and the way you work with teachers is very important. 
We implemented an English course and a mathematics course, multi- 
semestcr courses, and we implemented the math course in a way where 
teachers had practically no real role. They were just there to answer 
questions that students had. And for the English course, we gave the 
teachers a major role, one where they worked with students almost 
on a daily basis in small groups, et cetera. , „ ,. ^ , , . 

We found that in both cases, both math and English the students 
who completed the courses learned more than the. students did who 
completed regular college classes. .y . „ ,., 

We found that student motivation was, much higher in li.ngiish 
courses and overall the program was much more successful, bo we see 
that as a sign for the future and when' we go into other community 
colleges in the future and other various pub he education system we 
will incourage our users to be careful about the mode of implementa- 
tion and make sure that the teachers are carefully involved in the 
course of study and that they don't consider this technology as a 
means of eliminating-the teacher from the process. ^ r^n,.. 

The use of the TICCIT by the Navy is also proceeding well. Crew 
members are. bfeing trained for the S3-A antisubmarine warfare 
aircraft. Reports from Navy personnel responsible for operation of the 
system indicate that since TICCIT was put.mto use, fewer instructors 
are required and students learn their material faster. . 

TICCIT was justified for installation in the Navy on the basis that 
training traditionally offered in expensive weapon system simuia-tors 
could fnstead be accomplished with TICCIT-the Navy's analysis 
showed an expected saving of over $25 million by purchasing two 
TICCIT systems instead of several weapon system simulators. 

Overall, it has been a successful program and one which our Navy 
colleagues tell us saved them over $25 million The use of nCClT 
special education is much harder to quantify from a cost-effectiveness 
standpoint. I think it is a wonderful thing to do, but I think people 
get all hung up when they try to talk about dollars and cents in this 

^'Generally, we believe that TICCIT has been most effective and 
most successful from a cost effectiveness standpoint in military 
training. The reason for this is because students can complete their 
courses faster with TICCIT and thev are being paicl friaries There is 
therefore, significant cost savings. Also, the fact that 11CL.11 can oe 
substituted for more extensive training equipment results in cost 
savings. We believe for the same reasons other Federal agencies like 
Social Security Administration, Internal Revenue Service, and m 
areas like industrial training, you will find that there will be consider- 
able cost savings possible today to computer-based education. 
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I hope that part of the message that you glean from all the com- 
ments today is that those of us who have developed computer-based 
education system or who are marketing them today believe that these 
svstems can be cost effective for certain applications and that they 
snould be more widely used than they are now. 

I personally am very surprised by the small number of applications 
of this technology, especially within the Federal Government. The 
military training area is an area where -it^s especially surprising to 
me, the need for improvement in military training cost effectiveness 
is well documented. GAO has made a very^ interesting study a couple 
of years ago which showed that the student-teacher ratio' in military 
traming is a^roaching one-to-one. We are almost down io the point 
where .there is one instructor for every student in the military. The 
need for individualized instruction and the disastrous outcomes that 
can result from inadequate training and the difficulty the military 
•has in developing good instructors are all appiarent. 

Many bflScers and civilians directly responsible for training acknowl- 
edge the benefits of TICCIT and other computer-based instructional 
systems, but appear to receive very little support froln the military 
training bureaucracies when they propose applications of such systems. 

Part of the impediment to the use of computer-based instruction 
in the military services are the various, regulations associated with 
the purchase of automatic data processing equipment. Even though 
a system like TICCIT is used exclusively for training, its procure- 
ment is administered as if it were a general purpose computer system. 
These procedures have little relationship — from either a technical or 
administrative standpoint — with a system like TICCIT. 

Attempting to follow them has been conservatively estimated to 
add 2 years to what would normally be an 18-month procurement 
cycle. Computer systems incorporated in military weapon systems and 
process control systems are excluded from these regulations — com- 
puters that are a partof an instructional system should also be excluded. 

Broad military use of computer-based instructional systems would 
do more than cu'^. the DOD's training budget. Large-scale production 
of computer-based instruction will result in lowered costs for these 
systems. In addition, broad use will encourage more private invest- 
ment in this technology, increase competition, again lower cost even 
more, and probably improve performance. 

I believe the net effect will be to bring the cost of computer-based , 
instructional systems down to the point where they can be broadly 
applied in public education. The military services should* be consider- 
ing broad application of compii\T-based instructional systems now. 

It woxild be wonderful to mr a my, children, who are not disadvan- 
taged, could have computer-based education. The way -it is today it 
is only those minority institutions that can get Federal^ funds that 
have it. 

Mr. Beilenson. Thank you very much. I think Mr. Swanson may 
have a couple of questions. . 

Mr. Swanson. How mucji does it cost to buy or rent the TICCIT 
system for 1 year? 

Mr. VoLK. The cost of the TICCIT system — ^generally they start 
at a price of around $300,000 and ixo up from there. When we prorate 
.;the costs, the costs are sometliing less than $1 pier student contract 
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hour, maybe 75 cents, or in some cases as low as 50 cents per student 
contract hour. 

Mr. SwANsoN. I would like to get back to the questions we were 
focusing in on with Dr. Bitzer. Hazeltine has a nonexclusive contract 
to market TICCIT as well as several other organizations? 

Mr. VoLK. There was a very long and deliberate process that we 
went through with the National Science Foundation and with the 
Mitre Corp. to acquire rights to use the data that was developed under 
this program. There are no patents involved. Basically, it is just 
engineenng data that was handed from the Mitre Corp. to Hazeltine 
Corp. 

The agreement that was wcrked out included payments by Hazeltine 
to the NSF, royalty payments, as part of 'the agreement. Another 
part of the agreement was that there would be a certain amount of 
exclusivity for a short period of time to give Hazeltine an ability to 
just establish itself in the marketplace. 

I'm sure, as you know, the first couple of years of a venture like this 
is just all outgoing funds and the feelmg was within NSF and within 
Mitre that there should be encouragement to a private company to 
make that front-end investment. 

Mr. SwANsoN. Thank you very much. 

Mr. Beilen'SOx. Thank you very much, Dr. Volk. I appreciate your 
coming to share your knowledge with us. 

Our last witness is Dr. C. Victor Bunderson, president of the World 
Institute for Computer Assisted Teaching, Inc., from Orem, Utah. 

[The complete prepared statement of Dr. Bunderson is as follows:! 
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DESCRIPTION OF THE TICCIT PROJECT 

Brief HinCory of Che TICCIT Project 

Early in 1971, Che NaCional Science Foundacion funded Cwo organiia- 
Ciona, Che MITRE Corporacion of McLean, Virginia, and Che Univeriicy of 
Texaa CAI laboraCory, wich Cwo leparaCe buC relaCed concracc'i for InveiCi- 
gaclona leading Co Che furcher developaenC of MITRE' • TICCIT compuCer 
iyatem concepC. TICCIT sCandi for Time-Shared, InCeracCive, CoopuCer- 
ConCrolled Informacion Televiiion. The concept of using nini-compucera, 
celeviiion and cable diacribucion Co produce a low-coac CAI syacem had 
been developed exCenBively by MITKE on Che aCrengCh of a subtCanCial 
inCernal conniCmenC prior Co Chia Cime. 

MITRE waa Co deaign and develop hardware and sofCware, and Texas 
to develop couracware in freahtnan tnaChemaCica and Engliah, Che encirc 
•yaCem CargeCed Co meec inaCrucCional needa in junior college*. A necda 
survey conducted under Che Universicy of Texas concracc resuUed in Che 
finding ChaC Che major needs of junior colleges lay in so-called remedial 
naChemaCics and English, SubsCaricial addicional courseware developaenC 
waa required, and ic was proposed ChaC addicional couraeware '-cams be 
escablished aC Brigham Young Universicy's Ins cruc cional Research and 
DevelopaenC DeparCmenC under Che direccion of M. David Merrill. NSF aub- 
sequencly funded MITRE for follow-up work wiCh Texfis and BYU as subcon- 
craccors for couraeware sysCeros design and dcvelopmenC, co-ordinaced by 
Che Texas Lab, 

The scory of Che origin of TICCIT, wiCh ics unique learner-conCrol led 
courseware and Che ''facCoryV Co produce ic is a aCory of cross-fercil iracion V.^ 
becween Chese Chrce organiiaCions. Unlike manuf acc^rers 6f compuCing 
equtpmenc, Che noc-for-prof ic MITRE Corporacion was able to respond wich 
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highly flexible and creative •yiteni-engineerinar'«olution» to ioftware 
and hardware requirementa implied by the inat^uctional needa and goala 
generated by Texaa and BYU. The capabilitiea thua developed in turn 
atioulated the imagination of the developers at the univeraitiea. ~ T\\e 
reaearch of the Texaa Laboratory in lejrner control and in inatructional 
deaign and packaging for computer-baaed ayatema provided ■ baae of 
expertise in courseware development for CAl. The reaearch in inatructional 
paychology and inatructional design and development at BYU provided 
empirical «nd theoretical perapective free froia the aelf-limiting 
constraints which exist in yesterday'a systems (in thia case the IBM 
1500 «t Texas) but not in tomorrow's syatema. 

Because of a number of advantages at BYU, the director of courseware 
project at Texas, C. Victor Bunderson, his aasociate, Gerald W. Faust, 
and half a doten other key staff members elected to move to BYU in the 
summer of 1972. The Texas subcontract was tenninated by MITRE because of 
the management and budget advantages of consolidation of BYU. 

The TICCIT hardware, software and courseware was completed by the 
conclusion of the contract in June 1976. Substantial inveetmen-t was 
required to complete this contract by MITRE^ BYU and the two t€»t cocmunity 
colleges — Phoenix College of Ariiona and Northern Virginia Community 
College of Alexandria. These organizations completed the project at their 
own expense when the NSF funds proved insufficient for thia ambitious 
undertaking and were not extended. 

Hundreds of students began taking the TICCIT lessons in the fall 
of 1975 at the two conwunity colleges. _The system haa been evaluated by 
Educational Testing Services at these two sites. Evaluation of TICCIT at 
the university level was undertaken atarting in 1975 by the Computer 
Teaching Research Center at BYU. Tht ETS evaluation report is now in draft. 
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foiw and will lOon be released. A teriet of ev4ils*«cion reports «rc alio 
avaiUbl« froa BYU. 

' TICCIT Hardware . Large CAI iyatems like PLATO form a network of 
cerainala connected Co a powerful central conpuCer by neans of expentive 
telephone linei. By coACraat, TICCIT was designed Co serve m sizeable 
ouaber of scudents in one locacion by neans of inexpensive mini-compucers . 

Two Nov* mini-coaputera can service 128 terminsls "t^pne campus sice. 

The color display tenoinals are an accraccive feaCure of TICCIT. 
Using Sony color T.'V. displays, TICCIT can presenC digiCally-generaCed 
characcers and graphica, on a grey background, in any cooibinstion of white, 
black, red, yellow, green, blue or blue-green. Free-form contours as well 
as coaputer-generated graphs can thus be displayed. The color and graphics 
are axtreaely powerful for pronptinr^ and cueing of various sorts. Pre- 
recorded audio messages can be switched, random access, to the terminals, 
as can short video-tapes originating from cassette players. A standard 
typevriter keyboard permita upper- and lower-case alphanumeric entry. An- 
other special keyboard at the left permits cursor pointing and cursor 
movoBcnt with flexible editing. A set of special learner-control keys is 
available at th« right side of the keyboard. The keyboard and the display 
capabilities are a reflection of the unique instructional theory behind the 
system. 

TICCIT Softwar e ror Authoring . Tlie crisp digital color displays 
with graphics are a haMmui-U of TICCIT, but the best display ie useless 
without software tools to assist it) authoring good courseware. , 

TICCIT software utilises the color display hardware fully. Characters 
can be modified "on the fly" to produce any character set or to compose any 
graphic, whether descr^bable easily by an eleracncary function or \b a 
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digitized veriion of free-fona artwork, A wodified celeviaion camera and 
S/aphici entry ayatea ,cani and digitizei the artwork, which is then stored 
centrally. The graphics editor pcmlts authors to plot any elementary or 
parametric function and to edit these and the digitized artwork at will. 

Software to aid authors has taken a variety of forms. The graphics 
camera and editor is only one part of the user interface designed to make 
the TICCIT computers easy for authora to use. The authoring system ia 
more than an "authoring language" such as found or other CAI systems. Such 
languages are written to control the basic hardware and logical capabilities 
of a g&veo CAI system. They do not include in their semantics the funda- 
aental concepts of systematic inatructional develoRoent, a growing body 
of knowledge used to develop the TICCIT courseware. An authoring system 
la an integrated set of computer programs, formatted manuscripts, and man- 
agement procedures designed to facilitate the various steps in Che instruc- 
tional development proceps. 

MITRE developed Che opcracing sysCems, compilers, and related 
software for use by «uChors and scudencs. Brighaa Young University developed 
software Co permic daCa entry and editing, graphics entry and editing, 
report generation for ceschers «nd auchors, and ocher user ucility program*. 
Manuscript formats were developed for use by authors in producing maps, 
tests, objectives, rules, examples, practice problems, and helps and. the 
same formats were embodied in the authoring software. Similar manuscript 
formats and on line embodiments for coders were developed to provide for 



display specifications, file creation, and answer analysis codi 



ing. 



The TICCIT Coursevare «nd Instructional Theory 

The term ''courseware'* refers to educational materials, whether in 
the computer or associated with it (eg. handbooks). It should be distinguished 
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frora "ioftware," which referi Co conpuCer prograns to support auchort, - 
teachers, and aCudenCi regardless of what courseware is being uoed. 

The inscruccional model of learner control is a major contribution 
of the TICCIT project. The structured student language gives students 
control over the content of instruction by meana of "maps" which allow 
the atudent to choose with few restraints any units and lessons to survey, 
then study. Students also control instructional strategy, by meana of 
learner-control cononands like "RULE," "EXAMPLE," "PR.\CTICE," and "HELP." 
Stud«nta receive help on strategy through an advisor program which gives 
them information designed to improve their learning strategies. 

The learner control keys are tied to a theory of instruction which 
aays that certain instructional components (like "RULES," "EXAMPLES," 
"PRACTICE PROBLEMS," "MELP's" and ''MAPS") designed in a certain way, will 
proinote learning. The evaluation of this instructional approach, both on 
TICCIT and on other medii where it has been implemented, has been quite 
positive. The approach enables learners engaged in self-atudy to learn 
rapidly and well. 

This is fortunate, since the model also leads to a systematic, 
efficient process for authoring materials that is highly cost effective 
compared to other method* of authoring. The authoring system first 
implemented on TICCIT is a, major scientific and technological accomplishment. 

This authoring system resulted in the production of a large body 
of courseware at Brigham Young University. Starting with a review of 
arithmetic, the mathematics materials extended from a review of fractions 
through elementary snd intermediate algebra and elementary functions 
(except trigonometry). The English meterials provide two catalog courses, 
a remedial gran»nar and mechanics course, and a freshman composition course. 
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in which Ch= c..ch„'. „1. i. vital in g.„.„ci„g id... .„d g„ding w.icing 
...ignaent.. but not in teaching .tructur. or .diting .kill.. 

Thi. authoring «d.l 1. no« bbing u.ed .ucc.fully by a number 
■ol compania. „ho oaplo), former TICCIT project .taff ««uber. and at a 
number of c.ollege. and training ccr.t.r. who employ TICCIT or BYU graduate.. 
Several thou.and ..gm.nt. of in.truction u. ing thi. approach have been 
dev.loped beyond the 300 - 400 ..gment. cvigi„lly d^elop.d for the 
TICCIT community college project.. Mo.t of the.e rhou.and. of .egment. 
are on media other than TICCIT. which .how. the generality of the in.truc- 
Clonal nod el . 

RetulCB of Che ETS and BYU Evaluacion of TICCIT 

The ETS evaluacion reporC. on TICCIT and PLATO will ,oon be published. 
ETS ha. ahared the preliminary version, wich BYU, MITRE, .nd ochera. From 
the.e preliminary version., several conclusions .c^nd out: 

1. When u-ed as an adjunct Co che classroom, neicher TICCIT m>r 
PUTO produce, reliably significanc difference, over claa.e. which do noc 
use Chen. 

2. When u.ed as an integral .cheduUd part of either mathematic. 
or Engli.h cl...ea. TICCIT .tudent. dii' . igni f ic.ntly better than non-TICCIT 
sCudenCs . 

3. Tl»e ceacher variable is of greac significance in deCennining 
Che performance and Che aCCiCude. of sCudenCs, boCh in TICCIT ,nd non- 
TICCIT classes. 

^. There i, a difference of abouC 20 percent in coapleCion raCe in 
favor of non-individualized da.-ea over individualized classes (TICCIT 
classes in chis caie). This reduce, the co.c-ef fecciveneaa of TICCIT well 
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below the c of Che clasarooa for atenderd ef fee tiveneea criteria such 
Choee ueed by etS. 

5. The 0ucceai rate of acudenta who catce TICCIT math more chan 
once aeema to indicate that the courseware does not provide aufficient 
remedial depth to teach some of these students. TJiis may account in part 
for the completion rate problem. 

It appears that the ETS evaluation has been competently done 
and that it "tells it like it is" insofar as what happened in the cooraunity 
colleges during the period of evaluation. 

How does this correspond to the evaluation at BYU, with a different 
student population and some different ways of staffing and organizing 
TICCIT courses? 

i!f { cctiveness Data 

Experience at BYU confirms observations I and 3 above. As an adjunct 
to Che classroom, rather than as a total reorganization of the classroom. 
TICCIT does no better than the average class. Iht attitude of the teacher 
toward TICCIT and the ways he or she permits students to use TICCIT over- 
whelm other variables. As Cor observation 2, TICCIT was not aignlf icanCly 
better in math classes we taught. However, at BYU the tests were not 
carefully developed as were the ETS testa, to be fair to both the classroom 
and TICCIT. They were developed with no reference to TICCiT whataoever. 
TICCIT students do not differ significantly from classroom students on auch 
department developed objective tcscs. This is true in both Math and 
English. For essay tests in English and for overall pass/fail ratio on the 
CE English Composition exam, TICCIT students do significantly better. This 
favorable edge aeens to be increasing as we psin more experience with 
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TICCIT Engliih. TICCIT math i« no loar-or it uie at BYU. The content «*• 
poorly matched to the existing BYU u*t^ courtet, 

D«CA on the English Course has been quite favorable. It indicates 
that 64. 6X of. TICCIT students pass the CE writing competence exam compsred 
to 55. 5Z of classroom students Vaving the same teacher. This is due 
primarily to better scores on the essay test, where 782 of TICCIT students 
got a score of 1 or; 2.(5 point scale) while only 672 of tion-TICCIT students 
with Che same- teacher" got 1 or 2. Theae data are based cm 137 non-TICCIT 
students and 160 TICCIT students over three semesters. i:he same set of 
teachr.ra taught with TICCIT and non-TICCIT students. - 

Human Environments and Completion Rates 

Our greatest divurgence with Che ETS results is in observation 4, 
completion rate. At BYU we immediately adopted a model which involved 
some classroom interaction, initially in math this consisted of one class- 
room session per week out of a 3-hour class. This class meeting gsve the 
teacher on opportunity to help the studenti pace themselves. (Quirres 
were used for pacing.) It also provided an opportunity to teach strategies 
' and ansver question*. The first semester the TICCIT classes taught by 
TICCIT author. Dr. Boessenroth, had a higher completion rate than the 
classroom. The next aemester two BYU math professors reluctantly agreed 
to tesch with TICCIT. One had a higher completion rate (722) and one a 
lower rate (332) than the classroom (iibout 652). 

In ::ngliih we now hove two motlels, a class model and a small group 
model. The class model meets two timos per week in class and one time 
plus extra time on TICCIT. The small group model meets one time per week 
in class and the other two sessions on TICCIT or in a small group with the 
teacher. We have eatabli.hed quUe reliably an 882 completion rate in the 
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class modsl snd, (for tvo experiaentsl cisssei only lo fsr), a 96Z comple- 
tion rste for^he nasi I group node I. We expect thii figure to stsy sbove 
90Z when «II vsrisblei sre propsriy hsndled. Thsss srs: 

An "opening socisi" to Issrn n«aes of clssenates, tescher, 
snd proctors, snd how to use TICCIT 

• Self-selection of 6«8 smell group menbenhips (not ability 
grouping) 

« Scheduling st open, sdjecent csrrels by group. (A table 
of fscing teminels, open, for viiusl contsct) 

• Nesting in clsss once/week for sisignaents snd pscing 

/> Heeting with the teschsr l/2 psrlod per wesk for small 
' group discussions 

• Friendly snd helpful proctors with some content knowledge 
The small group snd clusi models sre both luccesiful products of 

our "human environments" research. The conventional classroom completion 
rsts St BYU in at noit 82Z in English. It is actuslly less than 821, for 
thia figure ia Maaured from the 3rd week to finale. A goodly number of 
students drop out by the 3rd week. 

If these high completion rstsa achieved st BYU could be obtsined st 
the cotmoiinity colleges by introducing the humsn environments vsrisbles, 
perhsps the TICCIT cissies would n^et or exceed the cost'ef fectiveness of 
regulsr clsssei. 

Completion Rate and Ef feiitiveneai Scorea 

Our results st B'fU do not correspond to observstion 5 either. There . 
is s itrotig regression of finsl math scores on the number of TICCIT lessons 
psssed, (tee Figure 2 of Appendix 2) snd contrsry to our esrlier dsts for 
English (Figure I of Appendix 2), s suailsr regression in English hss shown 
up in the most recent dats. This mesns thst if we csn keep our BYU students 
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workins, ao»t of Ch€«»_will learn from the TICCIT leffons. This doet not mean 
Chat Che ETS re»ulc is not valid for coanunicy college tCudents, nor that 
the TICCIT letaona cannot or should not be improved oo that more lower 
ability students will succeed. Quite the contrary, 

Fonsative Evsluations and Needed Revisions 

The ETS results that lead to observation 5 are probably partially 
correct. Even with a good human environments model there will probably be 
« substancial number of community collage itudents who could not learn all 
they need from the existing TICCIT lessons. This is mt an indictment of - 
the concepts behind TICCIT, or CAI in general. Math ii a cumulative subject 
and some students* deficiencies reach too far back for our lowest level 
lessons and helps to reach. In addition, it is comoou knowledge that the 
TICCIT lessons were barely debugged, and never revised based on formative 
evaluation data. Our formative evaluation data indicates that about 60X 
of the'msth lessons fail to meet our criteria with PYU students. How much 
worse it must be for the community college students. The faulty lesson 
figure is much lower for the English lessons, probably less than 20Z. The 
math course was the sacrificial lamb of the TICCIT project, pushed through 
without an opportunity to see it working on an operating TICCIT system. He 
were able to delay the English project long enough to learn more about good 
lessons on TICCIT, and to maintain a higher level of quality control. 

A study by Reigeluth and Schneider indicates that the Math lessons 
which fail on Schneider's lesson quality reports are most often deficient 
in the lesson tests. Author, did not use the test logic well in many cases, 
and made the test« too hard. We have some ideas for improving the logic, 
such as providing more orientation to students and more feedback. 
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We have many indicaCiona froa Che excenaive daca and obaervaciona 
we have collected in che paat four y«ara chat ic ia noc juac che cou;:aeuare, 
but Lhe hardware and software, chac could b« profitably revised. Improve- 
menta in che primary inacruccion logic (learner roncrol connnanda), HAP logic, 
teac logic, and advisor logic have now been parcially specified. We are 
seeking che opporcunicy Co inplraenc and CesC these improvenenca . 

The Policies of CAI 

The afforc Co bring TICCIT inco service ac che collegea and ac BYU 
has been as inscruccive in revealing che policical aspecCi of CAI incro- 
duccion aa in producing sciencific daca on auchoring, learning, and human 
cnv ironncnca . There is noching in chis daCA, fron che collegea or frocn BYD, 
which could noc be rectified by design inprovemencs in che courseware, 
human environnencs, hardware, or sofcware. ThaC is, che daca can be 
inccrpreted co auggesc chac signif icancly beccer resulcs for TICCIT classes 
on all variables can be achieved chrough anocher cycle of revision. The 
TICCIT experience ia ceaching us where chese improveaencs are needed, and 
will concinue Co be enonaoualy fruicful in polncing ui coward the needed 
design improvraenCs . 

Redesign of TICCIT courseware, hardware, and sofcware alone is noc 
enough, however, for che roles and hsbics of che people who use it must 
change aa well. The policies and incencive sysccms wichin colleges and 
universiciea do noc readily adjuac Co chese new roles and habics. Indeed, 
che deparcmenca noc only concrol sCaffing paCCerns, resources, and rewards 
for chose who taay choose Co Cry TICCIT, buC can deCermine whecher anyone 
will br permiCCed co Cry iC aC all. IC appears Co Cake alouC Cwo years for 
a faculcy member firsC Co become involved Chrough normal processes and Chen 
Co learn enough Co use TICCIT successfully. 
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Teachera are caughc in an incentive syaCen which does noc reward 
involvemenc wich CAI (see £rneac House's book "Politics of Educational 
Innovation"). But the administrators are caught between the teachers' 
attitudes on one side, and on the oth«r between a financial aqueeie coming 
from their governing boards. CAI centera at Penn State, and Stoney Brook 
have died recently because of this squeexe. 

THE FUTURE OF TICCIT 

Five Croups Who Csrry on Aspects of the TICCIT Project 

The five groups consist of two profit making corporations, two non- 
profit corporstions snd s group of users of the TICCIT system in higher 
education in the military. 

Profit-Making Corporations . In 1972, a profit-making, corporation, 
Couraevare, Inc. was estsblished in Ores, Utah. It waa oriented toward the 
uss of the instrvctionsl theory first implemented on the TICCIT system, and 
gesred toward the production of quality coursewsre. Coursewsre, Inc., now 
in Stn Diego, California, established a thriving . con trac t buaineaa, primarily 

V 

with the Department of Defense. The business desls ,with organiiing suthoring 
tesms to produce high quality courseware using the instructional model first 
iapliaented in TICCIT. Coursewsre, Inc. hss developed trsining progrsms 
for TICCIT authors. 

The second profit making group was eatablished in 1^76 yhen the 
Hailctinc Corporation responded to the request for propossls from the MITRE 
Corpovstion (prime contrac tor on TICCIT) with a proposal to take over, the 
hJrdware and software assets of the TICCIT project. Ha»letin« negotiated 
a two-yitar period of cxclusivcity with NSF. Haxletine is attempting to 
market the TICCIT lystem to users in the Departjsent of Defense and' the 
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civilian BecCor. Due Co Hazlecine'a efforts, Che sofcware and hardware 
• ytCenjB are now nuch more reliable and use more up-co-daCe equipcienc. 

Ic is expected ChaC if Harlecine is successful in marketing TICCIT, 
the hardware and aoftware will continue to evolve and Improve. Hopefully, 
in the future llazletine will be able to utilize some of the newer technolo- 
gies (e.g. microcouputera and videodisc players attached to TICCIT - like 
color displays). These will nake the instructional model and authoring 
advantage of TICCIT more widely availabla. 

Non-Profit Corporations . The Mitre Corporation was prime contractor 
on the TICCIT project and also on a number of ancilliary projects which 
attempted to take the TICCIT concepts of computer controlled television 
and extend them into the community over 2--way cable. Mitre conducted 
projects in home centered tJo-way television in Reston, Virginia; Stockton, 
C»lifornic; and Araherst, New York. Mitre retains the knowledge and talent 
Co conduct such projects now. 

A new non-profit corporation, WICAT, Inc., an Institute for Computer- 
Assisted Teachings was established in 1976 by Dustin H. Heuaton of New York 
city and C. victor Bunderson, then Director of the Computer Teaching Research 
Center at BYU. Dr. Joseph Lipson, foruer Academic Vice Preaident of the 
University of Mid-America, and Dr. Jam^s Schuyler, the computer acientiat 
who designed and developed KULTITUTOr and other powerful authoring packages, 
have joined WICAT. 

WiCAT was established on s non-profit basis in order to attract 
capital from private donors. Foundations, and industrial groupa, as well as 
g jvernnientB . It was seen as the only way to establish a funding base which 
could survive the 1-3 year boom and bust cycles of funding characteristic 
of private industry and government funding. Ul CAT was also established 
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in order Co provide independence from the accounCabi licy scruccures which ' 
/exisci in universities and schools, oriented Coward Ceacher-cenCered 
learning and Che mainCanence of Che sCaCus quo. WICAT is noC cornraiCCed 
CO Che ,exiscing TICCIT sysCem, buC raCher sees now as Che Cime Co Cake 
Che nexc sCep and impletnenC Che besC aapecCs of TICCIT on newer Cechnologies. 
The learner conCrol aspecCs of TICCIT, Che color Celevision display of 
TICCIT, and Che canvenienC auChoring aapecCs of TICCIT are all develop- 
roenCs v tich should be incorporaCed on newer Cechnologies, including 
aicrocompuCers and v >odiscs. 

WICAT is emp. jizing courseware designed for non-Cradicional 
educaCional audience^ who are more likely Co be able Co accepc and use 
sCudenC' csnCered learning sysCeas. 

The TICCIT Users , The firsC five users of TICCIT sysceme are I) 
Brighaa Young UniversiCy, 2) Phoenix ConinuniCy College, 3) NorChern 
Virginia CousauniCy College, ^) Two air-crew Craining programs for Che 
Navy's Viking S3A aircrafc ac San Diego, California and Cecil Field, 
Florida, and 5) Che Model Secondary School for Che Deaf, DisCricC of 
Columbia. These users do noC have a users' group or any formal organizaCion 
however, Chey arc all serviced by Hazelcine, who provides Chen wich updaCes 
CO Che aofCware and hardware. The Chree colleges and Che Model Stcondary 
School use versions of Che TICCIT courseware firsC developed aC Brigham 
Young UniversiCy. 

IC is safe Co say ChaC none of Che users are using TICCIT as ic was 
originally intended. Ic is graviCaCing toward research and developoienC ac 
Brighara Young UniversiCy, and as a goal for Che developmenC of new courac- 
ware which mighc be adapCed Co newer and cheaper forms of Ccchnology, such 
as Che videodisc. AC ocher sices, ic is being implimenCcd moVc and more in 
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teacher ccnccred, rather than student centered wayi, contrary to its 
original dei ign. 

The laaue of Teacher Veraui Student Centered Learning . For purposes 
of thii diicuiaion we will define a teacher'centered lyitem ai an educa- 
tional lyitem in which the teacher (and the adminiatrative structure) 
controls the schedule, the method and pacing of student evaluation, and 
the pace and content of information presentation. A negative aspect of a 
teacher-centered system is a distortion of th%: cherished concept of academic 
freedom. The concept originally meant granting to teacy-trrs and scholars 
freedoia of inquiry and the freedom to present honestly their own view of 
the curriculum. It meant freedom from outside prescription of curriculum 
content. The distortion is that academic freedom is often interpreted as 
meaning that the teacher is not accountable for what goes on in the class- 
room. Thus, incompetent teaching and unfair evaluation practices sometimes 
develop and mr* sometimes shielded behind the banner of academic freedom. 

A ctudent-centered system, on the other hand, is one where the 
%tudent exercises greater control over the choice of content objectives, 
schedule and pace, and method of presentation. The student participates 
in self-evaluation and the standards for evaluation are publicly available 
to both the teacher and the students before the course begins. 

The teacher 'a role In student-centered syatemo changea from one of 
playing a central role in a classroom to one of being a resource to the 
atudenta* The teacher's human akilla of motivation and encouragement are 
called upon to a greater extent bccauae atudents have the freedom to falter 
and delay as well aa succeed. The teacher's skills in small group and one- 
to-one interaction with students are called upon to a greater extent. The 
teacher's role as a model of a professional person representative of a 
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dliciplin* it extreaely iaporttnt in both the •tudent-centered tnd te«ch«r- 
c«nCar«d lytteai. 

There «re som •ubject* for which technology SDd p«r«-profe«iion«l 
tsach«r« would b« sdsquAt* to «n«bl« most student! to achieve the objectives 
In other lubjtctt the nodeling, tutoring end counseling functions of the 
ttscher are eiiential for laoit •tudentt. 

One of the iaplicetions of e student-centered lystem i« thet it can 
Ised tovsrd increased productivity, that li, it can lead to greater student 
learning per unit of coat. The productivity of atudent-centered lyitea 
occura in, part becauae evaluation of students ia publicly available. Thua, 
altsrnets procedures for achieving tha objectivea can be compared. By 
contraat, a teacher-centered ayetea doea not lead to greater productivity; 
indead, quite the reverae occura, alnce the goal ia to reduce the teacher- 
atudant ratio. * 

The experience of the TICCIT Project ahould be contrasted with 
PLATO and C(X. Both PLATO and CCC accapted the teacher-centered ayaten aa 
a givan and have attaaptsd to fit within it. Both hsve found that it ia 
poaaible to develop couraevare and to instsll aystema which can aaaiat 
taachere in the preaent ayetem. At laaat in the eleaentary achool, atudenta 
ahov achievoaent gaina. TICCIT, on the other hand, attcxapted to introduce 
a atudent-centered learning environnent featuring strong learner control of 
inatruction. The result was that for those students who finished, learning 
iaproved significantly. However, a aignificant percentage of atudenta did 
not finiah who otherwise would have finished in the claasroon. 

It is probable that .TICCIT will gravitate »ora and more toward a 
teacher-centered eyeten among the uaer groups who still work with it. 
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SugPTy . The future of TICCIT if uncertain. The evolution of the 
hardware and loftvare ayiten in iti prcient form dependi upon the lucceia 
of the Hazeltine Corporation in marketing TICCIT, primarily to military 
training centeri. The lurvivaX of the initructional model and the 
authoring approach leems aiaured by the large number of projecte which 
Courievare, Inc. if now engaged ip with the Department of Defenie and loiae 
induftry and academic uaera. A more recent branch in the evolution of the 
TICCIT instructional theory and authoring approach, that of WICAT, Inc. , 
ia aimed at tr«n»lating these powerful methodi onto new technologiea luclr- , 
af videodifc and microcomputer!. Thua, the contribution of TICCIT to the 
fcienct of learning and injtruction and to the proceaiei of authoring leeni 
allured. 

The lucceia of TICCIT aa a itudent-centered learning lyatem (or, 
aa it wai called initially, a '*Mainline CAI lyitem") iteana greatly in 
doubt. It appeari that exiiting educational inttitutionn ^'ill not eaiily 
be ible to adapt to a vtudent-centered, productivity-oriented model. Tliey 
will either reject TICCIT entirely or modify it to conform in the adjunctive 
teacher-centered approach which hai met with greater acceptance in the CCC 
and PLATO projecti. Student-centered learning in non-traditional aettingi 
leeai more promiaing. 

• ■ / 

.IMPLICATIONS FOR GOVERNMENT POLICY / 

Keyboard and Diiplay Standarda for the New Technologiea . Th^ current / 
iiiue of "Scientific American" on microelectronica atieaaea the technological' 
revolution in elcctronici. Thli iiiue not only deicribef the microelectronlci 
exploiion which ia entering into ill phaiei of our national life, but the 
iaiue ii filled with advertiictfiefiti fo^ perional cooputeri coating ai llttla 
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at 3299. OO4 A large percenCage of Che courseware originally iapleiDenCed on 
TICCIT and CCC conpuCera (and So a lesaer exCenC on PLATO) can now be imple- 
menCed on very low cosC d«vicef. If Che manufacCuceri of Cheae low coiC 
devLcea are noC educaCed in vhaC has been learned for Che paac 13 Co 20 
yeara of pioneering in coapuCer-aia iaCed inicruccion Chey will eaCabliah 
aCandarda which nay be inferior. SCandarda ar« now being aeC by random 
procefliei, and will r^ulc in wideipread ute of aCandardt deCriaenCal Co 
good educaclon and Craining. An exaaple ii Che inconvenienC and poorly 
engineered CypcwriCer keyboard ChaC now ia a peroianenC fixCure ChroughcuC 
ouC lociecy. AnoCher example is Cha inferior NTSC 525 line Celevision 
aCandard which cannoC. now be changed. The opportunity ia flipping by for 
Che governmenC Co influence Che developaenC peraonal coopuCer Cechnology 
in socially beneficial ways. 

ConCinuiCy of Funding . One of Che major reasona Che governaenC does 
noC now have aCrong programs i5hich will influence Che new Cechnology is Che 
I Co 3 year funding cycle characCerisCic of governmenC funding. Tha TICCIT 
and PLATO 'projeccs were funded for periods of five years. Thia Cine period 
proved InadequaCe co solve Che husan anvironmenC problena. and even aone 
of Che Cechnological problema aasociaCed wlch implemenCing CAI on a large 
acale. Funding waa disconcinued by Che NaClonal Science FouodaCion for boch 
TICCIT and PLATO aC Che crucial momenC when boCh aCteopCing to Curn the 
corner into full implemencaclon. The resulc in Che TICCIT projecC was Chat 
Che courseware could noC be revised, an essencial sCep in Che produccion of 
alf qtiallcy courseware. There is good evidence Chat a aiseable parcentaga 
of Che leasona naed exCansive revision. There is also good evidence now 
ChaC Che developaenC of faculCy aupporC and akilled use of Cha aysCcn occura 
over a period of years raCher Chan a period of monchs. 
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The NSF program which •poniored PLATO and TICCIT wai Cranaferred Co 
the Educ4Cion DirecCoraCe wichin NSF, w kre ic waa noC viewed wich favor. 
AC Che aaoie CLsae, ouCaide crlcicism of TICCIT 4ind PLATO was influenCial in 
cuCCinc off furcher aupporC for thet« projecCt ac a crucial ciffle. Thut, 
Che Ceama which had been at«embled over a period of five yeart, aC leaiC 
for TICCIT, were ditbanded and ditaeninaCcd Co a varieCy of differenC organi- 
zations. 

Ic ia necessary Co keep Che ceaaa CogeCher for periods beCween 10 
and 20 yeara Co work on the pxoblcna of introducing technological change 
into society. This ia an Interdisciplinary problem involving cooperation 
be tween conputer scientiata, engineers, instructional scientists, and those 
dealing with the sociology of chsnge in organizations. The Istter problem, 
sociology of chsnge in orgsaizsCioits , is psrticulsrly time consuming snd 
requires long yesrs of careful work. The go"ernment, however, hss been 
unwilling to provide funding for the period of time necessary to keep tesms 
together working on these problems. 

One spprosch is ,for the government to estsblish 3 to 6 centers with 
sdequste funding for 6 to 10 years. The socisl potentisl certsinly justifies 
it. 

Support for Non-trsditionsl Programs . Becsuse of the inportsnce of 

f 

the sociology of change problems, it seems thst sn importsnt strstegy for the 
government is to support the development of non-trs4itionsl progriuas. These ' 
programs csn focus on the drop-out, the delinquent, the unemployed, snd on 
other people who sre rejects from the present educscional systems. These 
programs csn slso emphssize innovstive instruction directly in Che hone. 
Non-trsditionsl programs csn bypsss the orgsnizstional structures of teacher- 
centered education institutions. It is poss ib le - that throvr^h Che establishment 
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of non-CradicioMl prcgr«m« which are noc placed under Che jurisdiccion of 
Che cradltioiul academic*, alcertucivei can emerge in our cociecy which laCer 
can be adopCed by academic inicicucioni in order Co beccer cotnpece. An 
example of a repuced non-traditional program not freed from cradicional 
• cructure* i* che Univer»iCy of Mid-America. T\,t preaenc organizacion of 
UKA place* ic under Che juriadiccion of eighc college preiidenc*. Ic i» 
unlikely chaC a non-cradicional progr«m can chrive when icf growCh compecei 
wich Cha Cradicional program*. Ic if unlikely ch«t General Motor* would 
ever have inCroduced che aub-compacC. IC i* unlikely chaC IBM would ever 
have incroduced che mini-compuCer. Alcernativei mufC be inCroduced chrough 
indap«ndenc organizacion* noc accounCable Co che Cradicicnal ceacher cenCered 
iCrucCure*. 

Removal of BeuracraCic BoCClenecka . The DeparCracnC of Defense 
Craining efforc it a mul Ci-bil I ion dollar per year efforC. Ic provide* a 
leading edge for innovacion in craining in our locieCy. Hi*corically, che 
DeparCmenC of Defenae hat already pioneered many of Che applicaCiona of 
ini Cruccional Cechnology. For example, recencly General DePeu i**ued an 
order chaC Che Army achool* would inCroduce *elf-paced inaCrucCion and aCudy 
the co*t ef fectivene** of thia instruction. Thia effectively introducad a 
itudent-centered productivity-orientad environment. I had the good fortune 
to viait Fort Sill recently aa a conaultant and see the reiuKs of the aelf- 
paced couracB that have been developed and implemented there. General DcPeu'a 
order haa been followed faithfully and with very promiaing reaulta. Prelimin- 
ary coat ef f ectivenesa data ahowa a projected aavinga over 5 yeara of 1990 
man yeara of personnel time (the atudanta are paid). Thi* tranalatea into 
a saving* of over $1? million dollara. 
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UnforCunacely, ForC Sill i» in danger of foundering on the problem 
of work. It iB too much work to keep all of the records and keep track of 
all of the diver. ity which occurs when itudents are relea.ed to tnove at 
their own pace. A cour.e which once took 8 weeks now takes 3 to 12 week, 
depending upon the speed of the .tudent. How can the students' graduation 
date be predicted soon enough ao that order, can be cut, paper work filed, 
airplanes arranged for to transport him to his next duty assignment, etc.? 
This ii only one of the problem* which confront an organization which tries 
to introduce .elf-paced instruction. The information management problem 
i. toogreat and the paper work i. too voluminous. As a result. Fort Sill 
has a great requirement for computer support to the management of this paper- 
work, scheduling, and student testing and perscription process. They have 
found a training device developed by the Navy, called Versatile Training 
System (VTS). It uses a PdP 11/70 computer. However, there are those 
within the Army who would classify it as an automatic data processing 
system. As such, it falls under a voluminous regulation called 18-1, 
whiclV requires approximately 2 years of preparation and paper work before 
a system can be ordered. W^h the rapidly changing technology in computer., 
a two-year wait period asiures that Fort Sill's instruction program will 
founder because of the work problem. It also assure, that any computer 
that they order now will be obsolete by the time it i. delivered in two 
and a half years, because of the pace of change of computer technoiogy. 

Regulation 16-1 w^. instigated to prevent the proliferation of 
computer syatems in of f i ces etc . at the tax P-y«s expense using year-end 
money. It wa. not intended that this regulation should stifle the 
Department of Defense's efforts to improve the cost effectiveness of train- 
ing. Yet, this is the result. 
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The revolution in sicro-electronica will continue for many years 
and governmental agencies like the Department of Defense (which can be so 
influential in developing new technologies for all aectora of our society) 
should be free to introduce well-justified applicationa in a short period 
of time. They should be encouraged to test them over a fev years, amortixe 
their costs, then move on to the newer cquipoent which will be available 
then. 
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STATEMENT OP DE. C. VICTOE BUNDEESON, PEESIDENT, WOELD 
INSTITUTE FOE COMPUTEE ASSISTED TEACHING 

Mr. Btjndbrson. I think it is very important that hearings like 
this are being held. I am grateful that this hearing is being held and 
that I will have an opportunity to testify here. 

I will speak as an instructional scientist, one who is interested in the 
algorithnas— or the knowledge and models — that come out of tjarise 
projects like TICCIT and PLATO. This knowledge is more imptJrtant 
than the specific hardware configurations themselves. I am interested 
in hardware algorithms, the software algorithms, the courseware, and 
the human environments algorithms. In other words, in how we can 
design hardware that has the capabilities you have seen demonstrated 
today on PLATO and illustrated on TICCiT. We need to understand 
how we can design software that lets authors produce materials faster; 
how we can design the presentation strategies to teach effectively the 
kinds of lessons you have seen illustrated on PLATO and perhaps 
have read about on TICCIT. We need to understand how to struc- 
ture these lessons together in large and complex systems and how we 
can organize the teachers, and other people. This human organization 
issue has turned out to be the No. 1 proD lem of the TICCIT project; 
namely, what human environments will permit or* will not pennit 
the system to operate successfully? 

I think we are sitting at a time in history where it is possible^ to 
change the history of education. Five hundred years ago an invention 
broke the back of the oral tradition for passing on the content of 
knowledge. That invention was the book. Over the centuries the book 
has produced a quantum leap in what can happen with education. 
Here we sit in 1977 and we have low-cost microprocessors, video 
disks, and other new technologies which can break the back of another 
part of the oral tradition. That is the necessity to transfer the inter- 
actions of instruction on from mouth to mouth, from teacher to stu- 
dtent, and student to student. 

xThe staff member sitting in Mr. Gallagher's seat asked the ques- 
tion: ''C^n't the teachers learn these new procedures that are workiiig 
on the computer at the school that was .so successful?" The answer is 
*'Yes"; but, they cannot perform all of the work that is necessary to 
do it. We can now replicate these successful interactions because the 
computer is a two-way interactive device which can replicate that 
aspect of the oral tradition. 

So Is^believe that, computers in education offers a breakthrough of 
the same order of magnitude as the breakthrough provided by the 
book. It allows us to replicate not only the content but also the mterr 
• action aspects of instruction. That makes it fundamentally different 
from TV or other kinds of media which do not permit practice with 
f^edbacA and other kinds of interactions. 

CAI isittot just another new medium. Here we sit in 1977 noticing 
that everything else we have tried in society has not worked too well. 
We have poured millions of dollars into education since the Great 
Society and even earlier and we have found that since 1968 our 
scholastic aptitude test scores nationally have been going down every 
year. We have found that 42 percent of our black 17-year-olds cannot 
read and 12 percent of them are out of work. And we find that other 
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methods, as testified to earlier, aren*t working with title I fuads. CAI 
gives us something that is replicable and has a known cost; a cost 
which will continue to decrease. CAI is working with both disadvan- 



us It is possible now for Congress to change the history of edu- 
cation. However, let me speak from our experience with the^TICCIT 
project, and observations of other projects, about what seems neces- 
sary to bring about this change. 

If you could put the lights down, I will show you a few slides, and 
I will talk about three categories: Hardware, software, and courseware. 

What I have to say about hardware and software is basically that 
some of the brilliant engineers and computer people on TICCIT, 
PLATO, and other projects have 'done enough fundamental work 
that we now know how to produce efFective^interactions on these kinds 
of devices. It is now time to take them to the next step where they 
become so inexpensive that they can be widely disseminated. To do 
that we need to use microprocessors and video disks and we need to 
stay close to the consumer market. The problem with TICCIT and 
PLATO is that they are both rather expensive and they are both 
rather .yjecial purpose. 

Yet I hope that the algorithms that, have been discovered on these 
two systems can be made more widespread and can get into the con- 
sumer market through some of the game programs and learning sys- 
tems that are coming into the home. There are very int-xpensiye 
systems that can actually do many of the thine:s we have seen demon- 
strated today. 

TICCIT has a terminal based on a color television receiver, such 
as is found in most homes. It also ha.s a special keyboard. 
, This illustrates the kind of color graphics that can be displayed 
on the screen. 

Here are some graphics from an English course. These. graphics are 
quite high resolution and quite high auality for a television set. 

Notice that color can be used to highlight the key words in this 
lesson from the TICCIT English course. 

Here-the student can be looking at a video tape, hearing the audio 
track from that tape over earphones, or he can be listening to audio 
while working in his spelling lesson. 

Here is a special keyboard that the students u.se. This is perhaps 
one of the most important contributions of TICCIT — A learning 
language. The learner controls the language which allows students to 
set their own strategy and it frees them from a fixed linear strategy. 
The student can choose whether, to look at rules, examples, or to 
practice from this learner keyboord. 

In 80 doing the student gains some of that locus of control back for 
himself, because he is the one who is in charge.^He is the one who has 
been selecting how many practice items and how many times to push 
the "help" button, how many times to look up at the map or look at 
the adviser. 

Let us continue with other key elements here that orient him as to 
where he is in the structure. The; student can move up to a higher 
level or down to a lower level by using this learner keyboard. We 
have found that the students increase in their skill in learning and 
become better learners through use oi this language. 
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Mr. Gallagher. Mr. Chairman? 
Mr. Beilbnson. Yes. 

Mr. Gallagher. Your ''bard" and ''easy" I assume is degree of 
diflSculty. 

Mr. BuNDERSON. When the student has pressed the rule, he has an 
option of seeing an easier version — which was written by some fellow 
students — or a harder version which is ''like the teacher says it." 
When he requests his example or practice, the '*hard" button will 
take.,him to a harder problem' whereas the "easy" button will take him 
to an easier problem. ^. 

Mr. Gallagher. I just had the thought that in a classroom situa- 
tion among his peers the student is not about to ask the teacher to back 
off because they want something easier. I am trying to get at the 
handle mentioned earlier. It is almost a dispositional change on the 
part of the student, a change . in his personahty or disposition. 

Mr. BuNDERSON. We have sometning similar to the Los Nietos 
effect on disposition but unverified. We collected the data, but it's 
very hard to nail things down. We had some junior high school juvenile 
delinquents come in to BYU and use TICCIT. And we found that 
they were tremendously motivated by it, which is quite remarkable 
because they are totally turned off by school. The}^ were so motivated 
that their attendance changed from 15 percent to over 80 percent. One 
student who-was a runaway hid his gun outside and came into the 
school in order not to miss his TICCIT appointment. 

And their grades started going up in the junior high that they were 
leaving to come to these TICCIT lessons because the counselor used 
the computer as a motivational tool to get these students to change 
their attendance habits and work habits at school. [It is not just the 
computer, but the way skilled people use it.] 

We hypothesize that there are a few very important reasons for this 
effect. One is that the computer is totally nonjudgmental. These 
students are always *'put down." We saw the library personnel put 
them down. Other BiU students were making just as much noise 
but these students were marked and labeled and so they were put 
down by the library personnel. Apparently all of the people around 
them always expect them to fail ana always expect them to he bad. 

But the computer never puts them down. Similarly, they are usod 
to being able to "beat the man" by getting at him emotionally and 
they can never get at the computer emotionally, so they respect it. 

And finally, the point that was brought out earher: They are able 
to make progress. The computer gives them a task they can succeed 
at, even if ivs just starting them out by playing games. And it is a 
tremendously motivating task for them. So I think it's very funda- 
mental that fhese systems be used for people who are disadvantaged 
and people who are '^welfare trapped." 

Let me move on here. I think this effect on the disadvantaged is 
one of the major accomplislinoents that should be transferred on. It 
should be experimented with on TICCIT but it should also be trans- 
ferred to some newer technologies. 

Let me show you what I fr>:jan. Pulled out from the panel there is 
the TICCIT terminal proce-^or which is a minicomputer, 32K 
memory. 
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Now here is the kind of chip that that computer can be placed on 
in a few years. Right now computers of only slightly less power' can 
be placed on one chip and the memory on another. 

By early i980's the memory and the computer will be on one chip 
like this. 

Here are the disc drives, each of them costing around $12,000 and 
storing about 150 niillion characters of information that make up the 
TICCIT data ba^^j: English and math courses, and graphics and 
audio, and software programs-are stored on these discs. 

Here is a new device, the video dis9, which can be played on a player 
attached to a TV set. 

This one video disc record that you see has a: capacity, when re- 
corded in dijjital form, of 10 billion bits of digital information storage. 
This is 400 times as' great as each of those 6 discs that I shov/ed you 
that each cost $12,000. > 

Mr. Gallagher. Did you sav lO.'bilHon? 

.Mr. BuNDERSON. Yes; I said 10 billion bits on one of those video 
discs. And digital storage is now being worked on — the one I am show- 
ing npw is an analog storage device which holds approximately— it is 
not clear that you can read that into a computer yet — ^you can storage 
the images, however, on this. And you can store 54,000 single frames. 

Very easy to work with. 

And this will illustrate a freeze-frame. When you have a movie on 
one of these, as this child is demonstrating, there can be 30 minutes 
of motion. However, this motion can be broken up into 54,000 still 
frames. These go by at 30 per second in order to get the illusion of 
motion. We are now working with the McGraw-Hill Corp. on an 
interactive video 'disc and we have found that we can take out, 10 
seconds of motion and add 300 pages of information, so that effectively 
we can marry the technology of the book (pages) , with the- technology 
of the movie (motion). And as we move toward using this with digital 
code, the entire. TICCIT English course could be stored oii one of 
these as still frames or 66 sets of courses as large as both TICCIT 
English and math could be stored on one disc, digitally, in the future. 

Now this is the kind of breakthrough that I think is very funda- 
mental. It is like the book, because it'will be so low cost that it can 
be placed in every home, In fact, since the home TV came market is 
so agressive, what I fear is that things will be placeoNi^ the homes 
with keyboards and learning models tnat are very, very inferior and 
don't take advantage of what's been learned in the TIuCIT projpxt, 
the' PLATC project and CCC projects and others. This would be 
unfortunate. It would beiike what happened with the typewriter, 
when we* were stuck with a, keyboard that is very inferior from a 
human engineering point of view; or like what happened with our 
television standards, which are inferior to those of Europe. 

And if there, is some wav Congress can help exploit what has been 
learned and get it into inauUry so that the mass-produced consumer 
items will have some bf this knowledge in them — this is something I 
believe you have an opportunity to influence. 
. Now the courseware was the third item I wanted to discuss. 

Here is the index number on a still frame. This shows that using the 
consumer model video disc, a person can ^et to any of 54,000 still 
frames by searching to an index number. A microcomputer could do 
the searching automatically. 
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Here I have an illustration of what it would look like. You would 
have a keyboard with your computer m rt, having memory and 
character generator. You would have a video disc- player and a tele- 
vision set. This would go into the homes m the not too distant future 
and would be extreSely cost effective. Perhaps there couM be a / 
plasma panel too. I wouldn't rule that out because the ii'LiAlU 
project has a great many points to offer. However, that would not 
give.it the color that has proved to be so.oitective on the 

project. '1 

Mr. Gallagher. This is not what the previous witness was speak- 
ing about when he talked about Wiring a city and linking homes 
wi)^h industry? --r, , , - - • 

Mr. BuNDERSON. I don't think either of the previous witnesses 
would rule something like this out. 

Mr Gallagher. This is self controlled. Did he mean that? 

Mr BuNDERSON. I don't think either of the previous witnesses 
wauld rule out the video discplayer. I know John Volk wouldn't and 
I know Dr Bitzer is working on video discs which would store infor- 
hiation for audio and slides for PLATO. However, I don't think that 
Dr Bitzer has emphasized the local control that is mherent in this. 

Now this system could operate locally, but it could also dial up a 
large computer such as PLATO and bring lessons into the local mem- 
ory probably with bubble memory, which has more capacity. And 
then it couldV^cess the video discplay for color slides and audio. 
. Mr. Gallagher. Thank you, Mr. Chairman. ^ . , 

'^r BwDERSON.'The nonprofit institute that I represent has taken 
the position that this is the most likely technology for moving into the 
homes and we are placing our bets on, the development of this, although 
we ar0 not ruling out the possibility that that display may be a plasma 
display, something like we have seen demonstrated today. • 

Now these learning keys I think are an example of some ot the 
knowledge that, has been gained that is not finding ;ts way mto some 
of-thB home consumer products that are flooding our markets today. ^ 
The rule afld example and practice keys have now been cross vali- 
ated as a way of developing instruction that works. The data from the 
TICCIT project is promising. The students in the community colleges 
whoi&ished the TICCIT lessons did significantly better than students 
in control classrooms, in a large number of comparisons. . 
. This wks true in both^math and English.. Si irprismgly, at ^ i U in 
English we found that tht: students who took TICCIT classes did 
better on their essay examinations. They did not do better on their 
grammar and mechanics examinations, which was the prediction- ot 

many people. > 11 'T»Tr«r«TT» * fV, 

Actually, it appenTs that when we mix teachers and 1H^<^1.L m tne 
proper way, the i?tudents benefit significantly. The problem that the 
evaluation revealed was^ that large percentages of students did not 
finish When you are' placed in an individualized self-paced learner- 
controlled environment, students did not have the habits and tradi- 
tions to keep working on their own schedule, whereas, the classroom 
schedule paces them to completion, with an A or an F, et cetera. 1 hey 
are externally controlled, that is true, but they have the habit of getting 
through So about 20 percent fewer students finished out of 100 percent 
in the community colleges. At BYU we felt that this problem was due 
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to something called a lack of human environment, that is, that the 
teachers and the students were not organized properly. 

So we created a few human environment models where we had 
people working in small groups or in a classroom once a week. There 
was some social pressure to get through. There were friendly proctors 
who knew each student's jiame and there was an open social atmos- 
phere where people got to know one'ariother and so felt that they 
were part of tne community. We got over 90^percent completion rates 
in the small group model compared to 53 percent on TICCIT English 
in the commvmit}^ colleges. 

Actually, this is betier than what, was happening in the regular 
classrooms at B YU — abo.ut 7 5 percent — so we feel that through the organi- 
zation of proper human environments the teacher must become a 
motivator. The computer will ju^t sit there unless the students have 
some motivation to go up and use it. They won't capture the enthusi- 
asm and excitement unless there is something in the community that 
encourages them to do so. 

We got a 90-percent result in an English course compared to 53 in 
the community colleges. We think that is quite significant. There may- 
be other factors: It may be that the BYU students were more able 
and the courseware worked better for them, but I think a majoi portion 
of it is the need to organize excellent human environments. And this 
would be important in the home, as Mr. Gallagher brought out. We 
must learn how to do this in the home if home learning is to become 
popular. . 

Now what are some recommendations from all this? One has to do 
with thft fact that schools are teacher-centered environments and it is 
diflScult for them to change because they are locked in that way by 
tradition and by the expectations of the whole society. I think the 
Government should sponsor nontraditional learning such as learning, 
centers and alternate schools and learning in the home because this is 
the only way to sfet up what we would call a student-centered environ- 
ment. In such systems, the student controls the pace and the content 
and has somethmg to say about how the evaluation is handled. 

I think one reason Dr. Bitzer's community college data was as it 
was — no significant differences — is that it was a totally teacher- 
centered environment and the teachers did not exercise the variables 
that allowed the student to utilize the computer properly. I am sure 
there are other factors, but we tried this too with TICCIT. And when 
we used TICCIT in a teacher-centered — or what we call an adjuctive 
model — the students don't do any better than they do in the classroom. 
So, that's a dilemma. 

We can't penetrate TICCIT into the schools very well because it 
requires teachers to change their roles to a student-centered model. 
However, if you revert to a teacher-centered model, you don't get the 
kind of significant differences in faVor of the computer plus the teacher 
that you get in a student-centered model. So that's why I'm recom- 
mending tnat rather than try .to change the schools — which I think is 
next to impossible — most innovations die in that environment after 
the innovators leave — one .should try effectively to allo>y this tech- 
nology to 'seep into nontraditional forms, into homes, into offices, and 
into the dealerships of the automobile comnanies, and other industries 
with training problems and especially into tne Department of Defense, 
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which has always been a leading edge in our society for innovation in . 

^""TrnTone thing you could do there would be to remove some re- 
strictions which Mr. Volk mentioned. There is a regulation 18-1 that 
classifies a computer training <levice like TICCIF as an automatic 
data processing (ADP) system. It takes 2 or :^ years to negotiate a 
new \DP system in DOD. Right now Fort bill has mtroiluced traming 
of an individualized student-centered nature and they project over 
the next 5 vears savings to the training command of S 17 million by 
savings in student salaries while they're being trained. The students 
will be out working instead of being trained, to the tune of $17 million. 
However, they are overwhelmed by paperwork. It's this work problem 
that the com'puters are helping teachers to perform. .Not that the 
teachers couldn't <lo these things, it's just that it wouUl take one 
teacher per stu.lent, a teacher who is infinitely patient. The computer 
can do work at the speed of light and so it will allow Fort Sill to keep 
this self-iiaced program going— if only lS-1 cou <1 be gotten by so 
that they can get the computer that they selected to help them keep 
track of" the iirogre.ss of the students in the self-paced environment. 

So I think we should stay close to nontraditiomil and the consumer 
markets We should break' some of the bureaucratic bottlenecks in 
the Department of Defense and other parts of the Government that 
could use C.'Al in their own training programs and save money. VVe 
should set up R. & D. programs that are given a longer period of time. 
To establish these human environments had to be done out ol our 
carcasses after the \SF funding ran out. .Vnd the politics within 
NSF were '^ucii that we were not able to gct additional fumling and 
we <iesperately neede.l it to take the ue.xt step. We lost our teams, 
our prognime'rs, ami engineers, and we were barely able to do these 
studies of human enyironments with small research loans provideil 
by Brigham Young University. , , . ■ . . 

"The political strain was so great that I felt it best to step out, 
feelino- th.at it is not easy tc do this kind of research within the uni- 
vci-sity teacher-centered" eiivironnient. These projects require longer 
perio.ls of time than the 1- to H-ye«r cyeles that are uuW possible 
within \SF and the other organizations. It is a problem that is an 
8- to 10-vear uroblem ulieu vou're attempting social changes, ho my 
appeal is' that' you trv to set programs ui. that last longer ami allow 
the complexity to he worked with oyer a period of years. 

I will stop for (iue-;tions. . 
Mr. Beii.ensov. We thank you for your interesting and informative 
testimony. .\re there any questions of Dr. Bunderson? , ^ 

Mr Gml.uiheu. 1 lun a little hit conrused. ^ ou mentioned that 
.srhoois are not about to change and you aie looking for new vehicles. 
The witnesses we ha<l here on Tuesday and some we have had here 
todav mdinite on the iaee of their testimony that significant changes 
in the schools have been made in Brooklyn and out \Vest, almost 
<iualitatiye ehan-es, as I mentioned a moment ago not just inerea.slng 
the student's knowledge hut almost attitudinal and dispositional 
changes. 

How would \ ou stiuarc that? 

Mr Br\i)ERso.\. 1 thank you for that <iueslion. 
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First, lot us look at Los Niotos. I would regard Los Nietos as a kind 
;of alternate school, essentially. They have ver}- imusiial leadei^ship. 
The men who testified here are unusually informed and capable and 
the population is essentially that popiiktion which demands that 
somethmg be done. Therefore, the program is more of an alternate 
program than a traditional program you would find in regular schools. 
. And it is heavily funtied by the Government. In the other programs 
CCC has found a little wmdow or little way to fit into a teacher- 
center program. They are not introducing a student-centered environ- 
ment at all that would change the self-image of the students. I don't 
believe they would claim to have data that says that they are making 
dramatic changes in student self-image, but^ they just' fit into this 
little window and use title I money to s])end 15 minutes a da}', which 
really doesn't threaten the teachers that much. 

No^w 1 don't wish to put teachers down because I feel that they 
^^truggle under enormouspodds to do a good job and I essentially feel i't 
IS too much work for them. I just don't think thev are allowed to 
change very much the way the system is organized and I don't think 
the school superintendents are allowed to change very much. They are 
not going to be allowed to change until they see this other kind of 
education in offices and homes so that the parents and taxpayers will 
see that there is an alternative and they will stress it. 

But if you look at the history of innovation you see that innovations 
are allowed to thrive. for a little while and tlien when the innovators 
go away it usually reverts to a teacher-centered classroom model. 
This effect goes clear back to the Winnetka nian and other individual- 
ized plans which have been attcmptecl and have reverted. 

Mr. Beilen-.son. Again, we thank you very much for coming out 
today and sharing your knowledge with us. 

The full te.xt of all the written statements which we have been given 
by all of the witnesses will be included in the transcript, so you need 
not worry about those points that you might not have covered in your 
oral testimony here toe I ay. 

The meeting is adjourned. 

[Whereupon, at 2:2f) p.m., the subconunittee was adjourned to 
reconvene on Wednesday, October 12, 1!)77, at 10 a.m.] 
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COMPUTERS AND THE LEARNING SOCIETY 



WEDNESDAY, OCTOBER 12, 1977 

HOUSK OF REPRESENTATlVliS, 

Committee ox Science and Techkoixk5Y, 

Subcommittee on Domestic akd 

lNTf:K>rATIONAL SCIENTIFIC PLANNING, 

Analysis and Cooperation, 

Washington^ D.Oi 

The subcommittee met, pursuant' to notice, at 10 a.m., in Room 
2325, Rayhum House Onice Building, Hon. James H. Scheuer 
(chairman of the subcommittee), presiding. 

Mr. iScHEUER. This- session of the Committee on Science and 
Technology, Subcommittee on Domestic and International Scientific 
Planning, Analysis, and Cooperation will come to order. 

This is the third day of hearings on our topic, * 'Computers and the 
Learning Sociejby/' Today we focus on, "The Future: Research, 
Development, and Planning,*' following several days of testimony 
wo have already heard concerning computer managed instruction 
and computer assisted instruction. 

If cKese two approaches can achieve meaningful results in terms of 
learning ^ains then the future prospects of computer power linked to 
learning* appears to be highly important. 

It is on tne way this future might develop, as well as the necessary 
Government policies to foster the wisest use of our Nation as com- 
puter resources,-that we focus today. 

* It is a great pleasure t^ - welcome the four witnesses. The leadofT 
witness will be Dr, James E -^ry, president of EDUCOM in Princeton, 
N.J. 

Dr. Emery would you please take the stand. ^ 

Your entire testimony will be printed in the record at this point,^ 

so if you want to chat informally you may so so. 

(TnGu complete prepared testimony of Dr. James. Emery is as 

follows :) 

(235) 
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THE IMPACT OF INFORfWIOII TECHilOLOGY ON EDUCATION 

Testimony of Dr. James C. Emery 
President^ EDUCOfl^ Princeton^ New Jersey 

I. Technical Advances 

We are in the midst of explosive advances in information 
technology thai are destined to have profound effects on all levels 

OF EDUCATION. ThE COMPUTER IS BOTH THE SYMBOL AND THE CENTRAL 
FOCUS OF MANY OF THESE ADVANCES^ BUT OTHER AREAS OF TECHNOLOGY 
ARE ALSO MAKING SIGNIFICANT CONTRIBUTIONS. ThE FeDERAL GOVERNMENT 
HAS AN IMPORTANT ROLE IN FOSTERING THE DEVELOPMENT OF THE TECHNOLOGY 
AND ELIMINATING SOME OF THE EXISTING CONSTRAINTS THAT INHIBIT ITS 
EFFECTIVE APPLICATION. 

The PRIVING FORCE BEHIND MANY RECENT DEVELOPMENTS IS THE 
FANTASTIC PROGRESS THAT HAS BEEN MADE IN ELECTRONICS. ELECTRONIC 
CIRCUITS HAVE BEEN GROWING IN CAPABILITIES WHILE THEY SHRINK IN 
SIZE AND COST. AS A RESULT, THE COST OF PERFORMING A GIVEN 
FUNCTION HAS BEEN GOING DOWN BY A FACTOR OF TEN EVERY FIVE YEARS 
OR SO, y 

ADVAi^CES IN COMMUNICATIONS HAVE BEEN LESS PRONOUNCED BUT 
ARE NEVERTHELESS VERY SUBSTANTIAL. SATELLITE COMMUNICATION IS 
AN OBVIOUS EXAMPLE^ BUT LESS WELL-KNOWN DEVELOPMENTS IN SWITCHING 
TECHNOLOGY ARE LIKELY TO HAVE EVEN MORE IMPORTANT EFFECTS. We ARE , 
MOVING TOWARD AN ERA IN WHICH RAPIDj RELIABLE, AND INEXPENSIVE 

communications will be universally available. 

Similar advances are taking place in our ability to store 
amd retrieve all forms of information. videodisc technology^ for 
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EXAMPLE/ PROMISES TO OFFER AN EXTREMELY COST-EFFECTIVE MEANS 

OR STORING AND DISTRIBUTING VAST QUANTITIES OF PICTORIAL IMAGES/ 

TEXT/ AND QUANTITATIVE DATA. 

In SHORT/ WE ARE RAPIDLY APPROACHING A WORLD IN WHICH 
OUR ABILITY-TO PROCESS INFORMATION — TO COLLECT/ TRANSMIT/ STORE/ 
RETRIEVE/ AND DISPLAY IT — GREATLY EXCEEDS ANYTHING WE HAVE 
EXPERIENCED IN THE PAST. He CAN ONLY DIMLY PERCEIVE THE POSSIBLE 
IMPACT THAT SUCH INFORMATION ABUNDANCE MAY HAVE ON THE EDUCATIONAL 
PROCESS — AND/ INDEED/ ON OUR ENTIRE SOCIETY. 

II . LikIly Consequences of Thfrf nFVFioPMFNTS 

There is relatively little uncertainty about 
developments in information technology over the next few years: 
they are very likely to continue at the same rapid pace that has 

BEEN ACHIEVED DURING THE PAST TWO OR THREE DECADES. We CAN 
PREDICT WITH GREAT CONFIDENCE THAT THE COST OF "HARDWARE" — 
COMPUTERS^ STORAGE DEVICES^ COMMUNICATION EQUIPMENT^ AND THE 
LIKE — WILL DECLINE TO THE POINT THAT IT WILL NOT CONSTITUTE 
A SIGNIFICANT FRACTION OF THE TOTAL COST. We CAN THEREFORE 

afford to distribute such hardware quite liberally among students/ 
faculty/ and administrators if this serves their needs host 
effectively. 

Personnel costs, on the other hand, will continue to 
increase and will utterly dominate all other economic considerations 

IN APPLYING INFORMATION TECHNOLOGY. ThE PERSONNEL COSTS ASSOCIATED 
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WITH THE DESIGN AND DISTRIBUTION OF INSTRUCTIONAL MATERIAL WILL. 
FOR EXAf^PLE. GREATLY EXCEED HARDWARE COSTS. 

Many of these personnel costs are largely fixed regard- 

' LESS OF THE VOLUME OF USAGE OF THE PRODUCTS PRODUCED. ThUS. THE 
COST OF PRODUCING A COMPUTER-ASSISTED COURSE IN. SAY. TORTS LAW 
IS MUCH THE SAME IF IT IS USED BY A SINGLE UW SCHOOL OR IF IT 
IS USED THROUGHOUT THE COUNTRY. ThE HIGH FIXED COST OF PRODUCING 
THIS MATERIAL PROVIDES AN OBVIOUS INCENTIVE FOR SHARING HIGH- 
QUALITY EDUCATIONAL PRODUCTS AS WIDELY AS POSSIBLE. 

Sharing can be achieved by physically transporting the 

EDUCATIONAL MATERIAL TO THE POINT OF USAGE. WHATEVER HARDWARE 
IS REQUIRED TO SUPPORT THE MATERIAL - SUCH AS A "MICROCOMPUTER" 
FOR DELIVERING COMPUTER-ASSISTED INSTRUCTION - CAN BE PROVIDED 
AT A RELATIVELY LOW COST. In MANY SITUATIONS THE SHARED USE OF 
HIGH-COST MATERIAL BY MOVING IT TO A LOCAL MICROCOMPUTER WILL 
PROVIDE THE MOST COST-EFFECTIVE WAY OF OFFERING EDUCATIONAL 

or administrative support. 

The physical distribution of material by this means does 

HAVE LIMITATIONS. HOWEVER. If THE MATERIAL IS UNDERGOING CONTINUAL 
REVISION OR ADDITION — AS IN THE CASE OF A REFERENCE FILE OF 
CURRENT NEWSPAPER ARTICLES -FREQUENT PERIODIC DISTRIBUTION MAY 
PKOVE TOO CUMBERSOME. EXPENSIVE. OR TIME CONSUMING. MORE FUN- 
DAMENTALLY. IF PERSON-TO-PERSON INTERACTION IS INVOLVED. ONE-WAY 
COMMUNICATION IS NOT FEASIBLE. In SUCH INSTANCES. .COMMUNICATION 
NETWORKS WILL PLAY AN ESSENTIAL ROLE. 
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These networks allow the rapid exchange of information 
in ways that largely erase the harrier of distance, instructional 
or research material can be developed and maintained at one 
location, and then accessed over cof-lmunication lines by users at 
other locations, a chemist in massachusetts, for example, hay 

THUS BE ABLE TO USE A COMPUTER PROGRAM OPERATED IN TeXAS FOR THE 
PURPOSE OF PERFORMING SPECIALIZED CHEMISTRY CALCULATIOMS, SIMILARLY^ 
A HANDICAPPED CHILD IN CALIFORNIA MAY RECEIVE PERSONAL ATTENTION 
FROM AN EDUCATIONAL SPECIALIST IN New JeRSEY BY MEANS OF AN 
"electronic mail" system that provides VERY LOW COST PERSON-TO" 
PERSON COMMUNICATION, 

III, The FuTURg FnnrATioNAL Environment 

Technology now available or soon to emerge from the 
laboratory will presentus with new opportunities for developing 
and delivering educational services of all types, how we choose 
to exploit these opportunities is not yet.clear, but reasonable 
predictions can be made, 

We are likely to see a proliferation of "intelligent 
terminals" to support education and research. Incorporating a 

POWERFUL "MICROCpMPUTER," AN INTELLIGENT TERMINAL WILL BE ABLE 

/ 

TO PROVIDE MOST COMPUTER-BASED SERVICES ON A STAND-ALONE BASIS — 
THAT IS, WITHOUT HAVING TO COMMUNICATE REGULARLY WITH SOME DISTANT 
COMPUTER, A COMMUNICATION NETWORK MAY IN SUCH CASES PROVIDE 
INVALUABLE AID TO THE USER IN LOCATING AMD ORDERING INSTRUCTIONAL 
OR RESEARCH MATERIAL, BUT ONCE THE MATERIAL HAS BEEN DELIVERED TO 
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THE LOCAL TERMINAL NO FURTHER ACCESS TO THE NETWORK WOULD BE 
NECESSARY (aT LEAST UNTIL NEW OR REVISED MATERIAL IS WANTED), 

Communication networks are likely to play another 
exceedingly important role — providing access to unique or 

HIGHLY SPECIALIZED RESOURCES, In MANY CASES ACCESS TO THESE » 
RESOURCES MAY ONLY BE FEASIBLE OVER A TETWORK, SINCE THE PHYSICAL 
DELIVERY OF THIS MATERIAL WOULD BE TOO COSTLY OR TOO TIME CON- 
SUMING, Some "databases/' such as bibliographic abstracts or 

TABLES OF ECONOMIC DATa/ ARE SO LARGE THAT THEIR PHYSICAL DISSEM- 
INATION IS NOT PRACTICAL. SOME COMPLEX COMPUTER PROGRAMS ARE 
TOO LARGE TO FiT WITHIN THE LIMITATIONS OF A LOW-COST INTELLIGENT 
TERMINAL, SuCH RESOURCES CAN BETTER BE ACCESSED OVER COMMUNICATION 
LINESi WITH THt ACTUAL OPERATJCrf TAKING PLACE AT THE SITE PROVIDING 
THE SPECIALIZED SERVICE, ThE RESULTS OF AN INQUIRY OR A COMPUTA- 
TIONAL TASK CAN THEN BE TRANSMITTED OVER THE NETWORK AND DISPLAYED 
AT THE user's LOCAL TERMINAL (uSING A TV-LIKE SCREEN OR A TYPEWRITER- 
LIKE PRINTING device). 

As THE TECHNOLOGY EVOLVES, IT IS LIKELY THAT PERSON-TO- 
PERSON COMMUNICATIONS THROUGH "ELECTRONIC MAIL" OR "tELE-CONFERENCE* 

systems will prove increasingly useful in educational institutions, 
Already electronic mail systems are allowing close cooperation 

AMONG RESEARCHERS IN FAR-FLUNG LOCATIONS. ThESE SYSTEMS HAVE 
PROVEN SO EFFECTIVE AND OFFER SUCH UNIQUE SERVICES — FOR EXAMPLE^ 
THE ABILITY TO LEAVE A PERMANENT COPY OF A' MESSAGE IN A COLLEAGUE'S 
ELECTRONIC "MAILBOX" FOR LATER RETRIEVAL AT THE RECIPIENT'S 
CONVENIENCE — THAT EVEN PERSONS WORKING AT THE SAME LOCATION 
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OFTEN FIND THAT AN ELECTROW-IC SYSTEM STRONGLY COMPLEMENTS FACR- 
TO-FACE COMMUNICATION. As FAMILIARITY WITH THESE SYSTEMS BECOMES 
MORE WIDESPREAD^ THEY ARE LIKELY TO ASSUME AN INCREASINGLY 
IMPORTANT ROLE IN TEACHING^ RESEARCH^ AND ADMINISTRATION. 

IV. FedERAI Pnt ICY ISSIIF5^ 

A NUMBER Or IMPORTANT POLICY ISSUES SHOULD BE FACED 
AT THE FEDERAL LEVEL. ThE FOLLOWING ARE AMONG THE MOST IMPORTANT: 

0 Funding research and development of educational 
technology. 

• Funding the operational phase of delivery systems, 

• Review of Internal Revenue Service regulations in 
order to encourage greater sharing among tax-exempt 
educa^^icnal institutions. 

• Review of Federal Communication Commission regulations 
in order to encourage electronic mail and similar 
communication services. 

Let me expand just a little on each of these points. 

The need for RsD support is primarily for funds that 
can be used for applied research and for the translation of 
research possibilities into prototype delivery systems. a number 
of funding sources currently exit for basic research^ but funds 
are extremely limited for the application of the fruits of research. 

In the COMMERCIAL WORLD^ DEVELOPMENTAL AND OTHER START-UP COSTS 
ARE A RECOGNIZED INVESTMENT THAT COMPANIES PROVIDE IN THE EXPECTA- 
TION THAT THESE COSTS WILL BE RECOUPED THR6uGH LATER SALES REVENUES. 
It is much more difficult for educational institutions TO RAISE 
INVESTMENT CAPITAL^ PARTICULARLY WHEN THE APPLICATIONS INVOLVE 
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THE SHARING OF TECHNOLOGY BY A NUMBER OF INSTITUTIONS, 

It is EXPECTED THAT SYSTEMS FOR DELIVERING EDUCATIONAL 
AND RESEARCH MATERIAL WILL BE SELF-SUPPORTING ONCE THEY ARE 
OPERATIONAL. 1t IS THE MOVE TO OPERATIONAL STATUS THAT WILL 
REQUIRE FINANCIAL SUPPORT WHILE VOLUME OF TRAFFIC BUILDS UP TO 
A SUSTAINABLE LEVEL. OnCE THE DELIVERY SYSTEM IS FULLY OPERATIONAL^ 

there should be no need for continutu 5jbsidy — although for 
various reasons it would probably be desirable to provide direct 
subsidies to certain users of these systems (such as handicapped 
children^ for example). 

Some current Internal Revenue Service interpretations 
OF THE Internal Revenue Code constrain tax-exempt educational 

INSTITUTIONS FROM ENGAGING JOINTLY IN ACTIVITIES THAT WOULD BE 
ENTIRELY PERMISSIBLE IF PERFORMED INDIVIDUALLY. ThIS SITUATION 
TENDS TO INHIBIT SOME VERY USEFUL SHARING OF RESOURCES FOR EDUCA- 
TIONAL PURPOSES. The advantages of continuing these restrictions 
should be weighed against the disadvantages of reducing the shared 
use of educational technology. 

Electronic mail is beginning to be used for educational 

AND RESEARCH PURPOSES. It PERMITS COLLEAGUES AT WIDELY SEPARATED 
CAMPUSES TO COOPERATE AND PERFORM RESEARCH JOINTLY. TeLE'CONFER- 
ENCING TECHNIQUES ARE BEGINNING TO BE USED AS A COST-EFFECTIVE 
SUBSTITUTE FOR FACE-TO-FACE MEETINGS. At SOME POINT THESE DE 
FACTO USES OF COMMUNICATIONS TECHNOLOGY FOR EDUCATIONAL AND 
RESEARCH PURPOSES WILL NEED TO BE CLARIFIED AND FORMALIZED IN 
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APPROPRIATE REGULATIONS OF THE FEDERAL COMMUNICATIONS COMMISSION. 

It would be- helpful if this could be done in ways that would enable 

AND encourage THE USE OF THIS TECHNOLOGY. 
V. CONCLUSTONS 

It is difficult to forecast the precise chan(3es :n 

EDUCATION THAT WILL STEM FROM THE REVOLUTIONARY ADVANCES IN 
INFORMATION TECHNOLOGY, We CAN PREDICT WITH CONFIDENCE. HOWEVER.' 
THAT THE CHANGES ARE LIKELY TO BE PROFOUND AND PERVASIVE. It IS 
ENTIRELY APPROPRIATE. THEREFORE. THAT THIS COMMITTEE IS GIVING 
SERIOUS CONSIDERATION TO THE WAYS IN WHICH FEDE-AL POLICIES CAN 
CHANNEL THE TECHNOLOGY' IN USEFUL DIRECTIONS. 
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VH&T IS EDUCOH? 

EDOCQM la a noaproflc organlzaclon founded In 1964 Co prouoce cooperative 
af force and daal vlch cocaaon problems In che ap^^Ilcaclon of ayscema 
technology In higher educetlon ana research. Ica acclvlcles are concerned 
vlch auch areas aa: 

a cha appllcaclon and managenanc of compuCer cechnology In 
academic Inacrucclon end research. 

a che use of daca proceealng and manageiaaac Infonraclon 
ayecems in college and unlvarelcy rdmlci.screrlon. 

m che eppllcaClona of compucer cechnology In libraries and 
for informaclon diasemlnaclon. 

Q)UCOM*s currenc meaibershlp Includes over 250 unlverslcy and college cactpuses, 
vhlch cogechar enroll store Chen one-chlrd oK ell atudencs accendlng four-year 
colle'gee In che Unlced Scetes. Ics unique concrlbutlon la co bring cogecher 
feculcy, edainlecracora, and cechnlcel expercs from member Insclcuclone Co 
focus on effective and economical wa/s of using syscems cechnology Co satlafy 
cha neede of higher educeclon. 

tXiliCOH serves cha higher educaclonal cotaminlcy chrough acclviclea such as; 

a dlseeainaclng Infonaaclon and promoclns cvoss-f erc5 Ilzaclon of Idees 
chrough conferences, workshops, and publlcuclona. 

• promoclng eherlng end exchange of specialized compucer and Informaclon 
resources among colleges and unlversicles . 

e providing consulclng services on che managemenc and use of computer 
cechnology In Institutions of higher educaticn. 

a negotiating discount agreements vlth computer equipment suppliers for 
the benefit of members. 

• promoting research on problem ari>aa of general concern to the higher 
educational community. 

EDUCOi is organized ao that its member institutions can and do piay an activ«i 
role in developing goals and policies. Institutional Representatives, appointed 
by the President of each member institution, serve cr. the link between Q)nCOM 
and the faculty and administration of their campuses. Representativea bring 
to EDUCOH conferencaa and taak forces the views, problems, and proposals of 
their institutions concerning computer tnd communications technology, and 
•bare with their colleagues on the campus the latest ideas and developments 
obtained through EDUCOM. 
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WHAT ARE SOME OF THE ISSUES EDUCOM ADDRESSES? 

• Developing &^ .tcma for networking and resource sharing.. 

• The need for and the advisability of discipline-oriented conputer 
centera. 

• Pricing and budgeting for computing services in colleges and 
universities. 

• The relative place of computing in institutional priorities. . 

• Uses of aiinicomputers and hierarchical computing. 

• The interface betw«en univeraity administrators and university 
computing. 

• The potential educational use of cable television and ita integration 
with coaputing. 

• Satisfying the growing de'mand for computing capability in higher 
education. 

• The role of state governments in educational computing. 

• The role of simulation modeling in applying r imputing to univeraity 
orsanizatton. 

• The use of computer and video technology in imtruction. 

• Cost-effective waya of providing library and bibliographic services. 

EDUCOM SERVICES AND ACTIVITIES FOR MEMBERS 

The EDUCOM Cinsulting Croup provides analysis and advice relocing to the 
planning and uae of computer and other tecinologies in higher education. Drawing 
on experts from EDUCOM member institutions and members of the EDUCOM ataff, a 
consulting team of individuals with appropriate skills and experience la 
formed for each assignment. Recently completed consultations have dealt vlth 
planning for computing activities, ccnputlng center organization, univeraity 
management Inforaiatlcn systems, acquisition of mlnicomputec systems, and 
fflodela for financial planning. 

The EDUCOM Bulletin , a quarterly magazine, is in its twelfth year of publication. 
Circulated to over 10,000 faculty and staff members of EDUCOM institutions, 
the Bulletin provides reports on presentations at conferences, reports of 
research proJectH, descriptions of applications of technology to higher educatidT 
.and articles by authorities in fields describing functionlnfi systems of Interest 
to the educational community. 

Annual Conferences provide a forum for discussing resource sharing, computer net- 
working, the development of Information syotema, and other topics of current 
Interedt. 
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Procegdlngg of each regular conference are published In paperbsck book form and 
dlatrlbuced free to Insclcuclonal Representatives as well as to conference 
participants. 

Special Seminars are scheduled on topics of concern to menbers. Funded by 
foundations or attendance fees, these meetings provide a source ol expertise and 
experience to all caeabera. Seaiinars are typically acheduled for one day, and, to 
mlnlnlza travel expenae for participants, are repeated In regional locations If 
reglatrstlon warrants. 

Raaearch Reports and MonoRraphs sre published In areas of Interest to higher 
education, .^llahed as paperback or hard cover book*, these reports are available 
at reduced prices to faculty and staff of member institutions. 

Dlacounta on'' th« purchase or lease of computing e<lulpiattnt and related materials 
from aclectad vendors are available to, EDUCOM menbers. These arrangements allow 
Individual members to deal directly with the vendor, taking advantage of the 
centrally negotiated discount-v 

Informal Comaiinicationa to members Include letters to presldenta, memos to 
Insticutional Representatives, and other mailings that keep member Institutions 
infomed about developments in the sharing of resources and the use of computing 
and other technologies. 



SPECIAL ACTIVITIES 

Planntojt Gondii . The aatabliuhmant of the Planning Coxmcil on Computing in 
Education and Research uohered in a new stage in EDUCOM'b development. During 
1975, its' first full year of operation, the Planning Xduncil developed a 
research plan and initiated-, a number of studies related to computer networks. 
Tventy-one colleges* and universities participate in the Planning Council, and 
«ach provides financial support of $10,000 per year for five years. The Council 
-la governed through a Policy Board and a Technical Committee; Jach member 
inatitutlon' has a senior representative on each of these committees. Planning 
Council activities include the development of a prototype network for computing 
resource sharing, benchmark studies of members' computer centers ,, meetings of 
regional networking groups^, support of discipline-orientfc : computing user groups, 
and a variety of special studies and projects leading to the enhancement of the 
network. 

EDUNET . With encouragement from EDUCOM and funding from the Planning Council, 
a group of consumers and suppliers of university and college computing services 
began to share resources through networks in 1976. The set of resources and 
facJlitating services provided by EDUCOM is call EDUNET. The computing facilities 
at MIT, Dartmouth, SUHY, Ysle, and Stanford are currently available through 
Telenet and/or TYMNET, both "value-added" communications vendors. EDUKET also 
includes several other university and research facilities that are not Planning 
Council members. Further additions are expected, in the future. One of the 
facilitating services supplied to EDUNET participants is an on-line directory 
of the Resources available, which is acceso'ible through the SPIRES database 
management system at Stanford University. As additional computing resources 
participate in EDUNET, thp on-line directory will be expanded. 
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Network Siauljttloa Project , Closely related to Planning Council activities la 
a major EOUCOK research project that has developed s slnulstlon model of sn 
Inter-lnstltutlonal cocqjuter network. Use of che model In gaming exercises will 
help answer questions about networking and Ita potential Impact on participating 
Institutions. 

EDUCOM Council Task Torres enable EDUCOM Co draw on faculty and administration of 
meabar Instltutlona to develop guldellnea, checkllats, and reports using the 
combined experience of members co deal wlch preaslng current problems of a genera^ 
nature. 

J^gal Education . Dlscounta have been arranged for EDUCOM members aubacrlblng to 
a computar-l^ased legal reference servlca. Experiments In ualng computer-based 
exerclsaa for. teaching law over a network are being conducted. The results of 
these experiments ahould have general applicability to other disciplines and will 
be dlasealnated through an EDUCOM report. 

Ploanclsl Planning . Computer-based models for long-range financial planning 
developed at Stanford University are being adapted for use by other colleges and 
universities. The genersllzed models and procedurea for using them will be Bade 
available to other Interested Institutions at the conclusion of the project. 

RESEARCH PROJECTS 

EDUCOM conducts research on the application of computer and communications cech- 
nology to areas in which significant results can be achieved with the combined 
resources.'of its Diembere. ■ - - . - - ^ 

Past research has Included studies of: 

a The use of Information systems In medicine and libraries. 

a Plans for "a biomedical communlcaulons network. 

e System conflguatlon and technology required for an agricultural 
Information network. 

a Factors Inhibiting the use of computers in Instruction. 

a The u^e of computer almulatloa In socio —economic policy research. 

a Planning for computing service for higher education by state agencies 
and Institutions In the United States and Canada. 

Current research Includes: 

a Use of a simulation model In gaming exercises to gain a better under- 
standing of Institutional behavior In a computer network. 

a Pricing anU budgeting of computing services within colleges and universities 

a The provision of user services' to aid users In accessing computing resources 

a A comparative study of tlfe manner In which states have developed and 
Implemented plana for providing computing service to higher education. 

January 1977 
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. STATEMEHT OF DR. JAMES EMERY, PRESIDENT, EDUCOM, 

PRINCETON, N.J. 

Mr. Emery. I prefer to do that. Thank ^'ou.very much for the 
invitation to present our views. EDUCOM vies itself as a technolog>^ 
transfer agent within higher education^. And, of course, the matters 
for discussion at these hearings are very >much of interest. 

We think they are of supreme importance to the higher education 
community and all of education, and for that matter, all of society, 
because we are touching on matters. which we think will have a very 
profound effect in many areas of our culture and society, not just 
education. 

The technological advances that we are primarily focusing on these 
days are advances In electronics and much of the dramatic improve- 
ments in the technology have been focused or concentrated on devel- 
opitients in the computer area. It is hard to think of any technology 
that has advanced at so startling a rate as has electronics and com- 
puting. , 

In a little, over three decades the raw computing power has gone 
up by perhaps a factor of $1 million and the costs have gone down 
by perhaps a factor of 10,000 or more. If you compare that, for ex- 
ample, with transportation, the transition to the horse and buggy 
days to the car represented about a tenfold increase in speed. 

The transition from the automobile to the jet age again represented 
about a. factor of 10. So in most areas of technology a tenfold increase . 
has had profound sociological impacts. 

Here in three decades in the computer field we have seen six orders 
• of magnitude, six tenfold increases in computer power and we are 
only just now beginning to see some of the impacts that might have. 

Others later in the program will talk about some of the fruits of 
this technology. I think that dramatizes it as well as anything I might 

^^Other areas of technology, besides computers, are also of relevance 
r in talking about the way technology might impact education. Commu- 
nication certain is improving rapidly, about 10 percent per year. 

That is not as dramatic as computer technology, but it is very inri- 
portant and will have important consequences. Let me say a little 
bit about the consequences, as we see them, of these technological 
developments. • i i n 

First of all, the startling advances in electronic technology will 
permit very widespread diffusion of computer hardware. The computer 
nere is a $600 item. That is representative of the way the technology 
is going.. When I first got interested in computing some 20 years ago, 
the computer I started out with had a monthly rental of perhaps 
$3,000 to $4,000. This $600 machine is more powerful in many ways 
than that machine was back in those days. So we will see very wide- 
spread diffusion. Everybody who htus a need for a dedicated computer 
of that sort will be able to get access to one. The real problem will be 
the high cost of personnel to develop the sj-stem capable of using 
these systems. There is some danger m putting a lot of money into 
hardware and as a result adding to the total cost in education because 
of the personnel cost to operate. This I think gives a very strong incen- 
tive to, various mechanisms for sharing the software and data bases 
necessary to take advantage of the very low-cost hardware. 

253 
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That in one sense is one of the main purposes of EDUCOM and 
some of the things that some of our colleagues are working on. 

As we see it, there are two basic mechanisms for transferring the 
ven^ people-intensive .software that is necessary to use these systems 
properly. One is through the physical transfer of the programs and 
(lata. You simply move a cassette with the necessary information to 
record the program. That can be very useful and in fact in terms of 
the total amount of sharing that probably would represent the major 
form of it. 

On the other hand, there are other types of sharing where that 
physical transfer is simply not going to be very effective. In certain 
cases that we have dealt with programs are far too large to transfer 
onto little cassettes. 

One of our experiments going on now, for example, is use of CAI 
material for teaching law students.' The material was developed at 
the University of Minnesota and is now being used fairly widely by 
law schools throughout the country. 

The material is Targe enough and complex enough that transferring 
it through physical transport of the programs has proven not to be 
very practical anc! access over network has proved to be completely 
practical- So we see use of communications networks as being an 
important Way of transferring software and data bases. 

As we isee it, the way the computer environment in education 'is 
evolving will be toward hierarchi.jal where much of the computing, 
in fact, the majority, certainly, will be done locally on low cOst 
minicomputers. \ 

We also see, though the need for State and regioiial networks and 
national networks.- Already a number of States, Michigan and 
California,Jor example, have developed sitatewide computing networks 
that have proven to be successful. Certain re^,ional networks, such 
a.s the one in New England, have been "stablislied. The one in New 
England now is meeting a very impoi . nnt series of needs in that 
area. 

EDUCOM ha,s established a network called EDUNET which 
serves a national market linking colleges and universities so that 
they can share computer resor s. The great advantage of these 
regional and national networks that they will allow access to 
resources that otherwise would not be avaihiVic. I think one of the 
iin{)Ortant consequences would be that geographical location will 
cease to be an important restriction in accessing these resources. 
There is no reason for even small institutions to bo denied the best 
resources available throughout the countr>'' because they can be 
readily accessible through these national networks. 

Mr. vScHKUKii. Are you going to v j!1 us anything about 'uhe computer 
Applied to the learnmg process? 

Mr, E.MKKY. The other testimony will get into that in raoro 
detail. Some of the successes we have had have been the use of 
networks to access CAI material. The CAI niaierial — computer 
assisted instruction is an example whr?re it can go both ways. 

One very attractive way to support computer-assisted instruction 
is through these little dedicated computers where everything com- 
pletely stands alone and there is no need to access remote sources. 

In other cases, such as the University of Minnesota Law School 
material the size of the programs and the rapidity with which the 
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bSuSd lnJ part ot the experiment we are 

Kung into the effeetiveness ami the .economies ot that. It looks 

very attractive at this point. 

^Ar |rH?"n''thrs';a^^ experiment it is law school material 
deSg S a course 'in evidence or tort law. '^^^i' 
couple^ozen courses or g-^Jf ft^tor^k Vat h'i En doS aE 
^^oT^S^ii^^^'Z.^^^^^^ network to their 10 

''VS'^irt^r^^^^^^^ of the mainstream educa . 

W^heaiily on ?o4u"^^^^^^^^ -^The^ 

ESrt^±wfe^^ 

'°For eLmplTm'y"o^ experience in use of CAI material has-been 

teS'rtorrretS S ? 

JefileTeatrlfeSrrerJn^^^^^^^^^^ or deHv^ed 

raa'.Tand-.lone ^o'^^tZT^oSll^m^Z^^^^ 

the material, the people cost necessary to write the programs 
instructional material. - u ovpf a network or a local 
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simply more rost efrective than trying to do it locally. In most cases 
r suspect that local stand-alone computers will be the most cost 
effective way. 

Mr. ScHEUER. Cost effective way of doing what? 

NIr. Emery. Presenting instructional material using the CAI tech- 
niques. There is a certain disenchantment with some of the CAI 
material which was developed. A lot of money has been put into that. 
The evidence is not overwhelming that this is an up-to-date 
improvement and cost effective. 

Dr. SwANbON. Is there a specialized role of the nerworks that are 
supposed to come into play? Are they doing soemthing other than 
delivering CAI materials? Are they providing communications between 
scholars who then in. turn teach peoph* in the traditional way? 

Mr. Emeky. That is the other basic reason 'for using the network 
where person-to-person interaction is required. Particularly in certain 
research type environments, such as electronic mail and teleconferenc- 
ing and that sort of thing, this has proven to be enormously valuable, 
in fact, so valuable that in many circumstances colleagues that are at 
the same institution who perfectly well can meet face-to-face have 
found the power of the electronic mail, the ability to send messages to 
a colleague and then the colleague can get it at his or her own conven- 
ience, the power to do tliat has been great enough that a lot of times 
colleagues with next door offices choose to use the electronic mail 
system to communicate. 

Dr. S%v.\NsoN. Have their been any studies on how that enhances 
ti)e learning prQce.^s for the .students, or is it such a new idea that it 
has not been evaluated? 

Mr. Emery. Tq my knowledge, it has not yet been applied to the 
sutdent, because the co>;ts up to now have been prohibitive. In the 
educational community it has only been applied, to mv personal 
knowledge, in the research environment. 

Personally, I don't see any obvious example of use of electronic 
mail in the conventional type learning situation. I can see special 
cases like handicapped children where you have specialized resources 
that are not available throughout the country that could be accessed 
through telecommunication. That might offer some very . powerful 
capability. 

But, say, for the large scale type of teaching situation Tm not sure 
that electronic mail would play a useful role there. 

Dr. Sw.-VNSoN. If you are a governmental decisionmaker and you 
are trying to decide where to allocate ncarce public funds, both in 
terms of research and demonstration projects, do you put it into grants 
to local school districts who will in turn probably buy stand alone or 
miniature computers along with the available course materials, or 
do you put it into a system to develop large computing networks in 
the*^ hopes that there will be some kind of trickle-down theory of 
dissemmation? 

Mr. Emery. It is a very good question and it is one which I might 
say parenthetically is haunting not just the Federal Government but 
all large organizations. They face exactly identical problems. My 
feeling is that if money is just freely made available so everybody can 
get tlieir own thing, there would certainly be some useful^results of 
that, but there would be tremendous duplication and tremendous 



costs that would l)c iiuMirred, a lot of which would be liidden. People 
would be spending time dev/^loping systems that arc already dupli- 
cated elsewhere In tlie system. 

My personal bias would be as mucli as possible to got money into 
the hands of the direct user ratlier than having it go to large national 
organizations wlien they dole out the money. 

Even though I am as.sociated with a national network I would 
much rather nave the money decentralized. But I think the Federal 
Government shoulci be concerned tliat in "allocating monciy of tliat 
sort that mechanisms l)e set up tliat do allow effective sharing beciause 
I see some very serious problems if effective sharing mechanisms and 
necessary incentives are not built in. There are a number of Federal 
issues in terms of copyright laws, in terms of standardization, and in 
terms of the tax law.s. 

Right now the tax laws in a number of cases discourage sharing, 
because in order to preserve* the nontaxed status of educational 
institutions, they try to avoid getting nonrelated income. So there 
are a number of disincentives for sharing wliich f think Congress 
should direct some attention to. 

Mr. ScHEUKH. Do you have anything to say about the application 
of computer-assisted learning to elementary school kids, teaching kids 
to roftil and write und f'ount and making thcin funf^tionally literate 
which is something our school system seems to have great difficulty 
in doing. 

Mr. E.MKRY. It does, indeed, sir. I don't ('onsider myself to be an 
expert. Certainly, from n\v own personal exi^erience 1 have found 
that young {:liildren have been eager to ace-ept the use of the (com- 
puter and it is startling how rapiflly kids can get onto a computer 
and become familiar with it. Some work has indicated tliat teaching 
handicapped children and disad vantnged children through CAI 
computer type systems is attnictivn in that it sort of impei*sonalizes 
the mstruction process and they feel less inhibited. So 1 think some 
useful results may coinci from that. Km not enough of an expert that 
I can say much more than that. 

Mr. ScHKUEH. Jim, do you have any {{uestions? 

Mr. Gam..\ghkh. Dr. Emery, on page '4 you mention the high 
personal cost remaining rather static where there are more users 
subscribing to tlie service. (Jne of our later witnesses will testify that — 
this l)i;ings up the personnel costs — that we live? in a computer — we 
are computer illitemtes, I think is the way he phrased it and he said' 
there is much training to hv. done. His thinking is as to feedback into 
the computer and so forth. Would'nt this increase personnel co.st if 
you have to train teachers to train the users? 

Mr. Emkky. it would indeed. In fact, it is one of the costs 1 referred 
to as in seme cases the hidden cost of being able* to exploit the vcm'V 
low cost el{»ctronics. So \\v miiy \nt deceiving ourselves if we think 
the liMi'dwarci is going down in cost, if \vv find ourselves spending a 
lot more money on personnel costs. I am fairly optimistic', that systems 
can be developed that allow the use of tli(» low cost electronics without- 
peopl(» being trained in any sort of deep teclin()lo_:y. 

fncreasingly, systems ai'e being designed to be more hunnine and 
self-instructing and I'm relatively o]>timistic that we will be able to 
provide most of th(?se advantages to the nonsophisticnted user with 
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relativ(;ly small amounts of training,'. It is not the same sort of situa- 
tion we face now with riirreiit technology where a user, if he wants 
to use tUe computer, -has to make a fairly serious commitment to 
learning how to use it. That is becoming increasiiigly less true as the 
system becomes more powerful and more human-like languages are 
developed. 

But it is n serious |)roblem and thai is a good (juestion. 

Nts. LoFLiN. Dr. Emery, on Tue>. ay w^^'re going to have a joint 
session on use cf computers in educailon ( f the handicapped. Could 
you tell me to what extent electronic riiiiii systems are used to ai(I 
the handicapped? 

Mr. E.MEUY. There is a syst^^m ca!!c I NIMUS which provides 
access to instructional material for handicapped children. That is 
just now going through a second phase v hoi -? it will become at least 
cne alternative they are considering and v fuit I susj)cct will be achieved 
IS thb^tleyelopment of a on-line national system for providing directory 
information to locate instructional material. 

.So at the very least, the network can be useful in getting the actual 
physical material to the ultimate user by means of a network, to 
locate it and hoi)efuIIy also to tie into the logistics part of the system, 
so that jf somebody says I want to see that, it will b? mailed to them 
through normal distribution channels. 

There is also some talk of providing access to Sj)ecializcTl human 
resources over the network in training handicajjped children. That 
is just barely starting. So right now there is in ])Iaee very little. But 
there is some serious work to try to exploit tlie technology and I 
think it has (juite a few prcspeets.' 

Nlr. Gall.\ghku. On page 6 and 7 you mention that in the commer- 
cial woricl developmental and other start up costs are recognized 
expenses which comi)anies provide in the expcu^tation that the costs 
will be recouped from later sales of th<* product. Then you say it Is 
much mon; difh(;ult for educational institutions to do this. This is 
true. T\wy are strHi)pe(I. But why cannot educational institutions 
team up with the incUistrial sector to provide the .seed money and so 
forth? They are doing it today in a modest way. 

Mr. Emeuv. They are, indeed. In fact, in the work EDUCOM is 
doing we have an organization called "The Planning Council," in 
which there are 22 university members. They are themselves i)aying 
$10,000 per year as part of this joint shared activity. So they are 
putting in fronterid money. We an^ also using the private sector, 
for (»xample, communications. We are not ti^-ing to run our own net- 
work. We are buying communications services from a private firm. 

So I totally a^ree that we should resort as much as possible to the 
resources the universities are willing to ])ut up as frontend money and 
to the nrivate sector. We are doing that. There are still other start-up 
costs that are diflicult to get the [)rivate entre[)reneur to assume or 
that universities are willing joint ly to fund. 

We think over the long term we can bootstra]) a lot of these costs; 
that is, we can just sort of grarlually lei the .system become self- 
sustaining. But if w(^ want to accelerate the development of these 
national networks, we think that iit least some modest elective funding 
by the Federal Government would bo very useful. 
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Mr. Gallaghku. Do you envisage the computer user jJiiying 
additional fees? This is u rdntively new field to me and I iini speaking 
as a layman. I think in teiTiis of CBS and NBC and the entertainment 
network. When you buy a television set you buy it from a certain 
company but the service, that is, the input, comes from Madison 
Avenue,^ And in a sense it is a fieebie. Madi.son Avenue receives its 
income from corporations. When it is pumped into a home or school, 
won't there be an additional fee for the time-hour basis or instructional 
material? 

Mr. Emehy. I think indeed there will be. In fact, that is our general 
j)r^mise, that the network will be self-sustaining, prinuirily sustained 
by u.ser charges. We think the evidence is that the users wiil be willing 
to pay for the service. There are certain classes of u.sers. Handicapped 
children is probably the most obvious case, but disadvantaged children 
also would a|)ply, or maybe students in rural areas where communica- 
tion costs are particularly high where they nuiy not be able to bear the 
full cost. It would be eiitirely appropriate for state or local govern- 
ments or even the Federal Government to provide selective subsidies. 

But subsidies, in my opinion, should go directly to the user so that 
they have the option of wnat services they want to buy on the network. 
I don't think it would be desirable for the Federal Government or 
other govenirnetits to j/rovide heavy on-going subsidy for the network 
o[)eration. 

I think basically it should be operated through a market mechanism 
where the users decide what services they wiuit and they pay for them. 

Mi-. Scmeueu. Thank you very, very much, Mr. Emery. 1 appreciate 
your coming o\it today. 

The ne.xt witness will he Dr. Seymour Paj)ert, director of the 
Artificial Intelligence Laboratory at 'MIT. Again, Dr. Pai)ert, your 
testimony will he rej)rinted in full at this point in the record, so you 
can chat with us informally. 

[The preparetl statement of Dr. Papert is as follows:] 



25:. 



This Time It ' s For Real 



A Statement Presented at Hearings on 
"Computers and The Learning Society" 



Held by the House of Representatives Sclen.'je and 
Technology Subcommittee on International Scientific 
Planning, Analysis and Cooperation (DISPAC: Chairman, 
James H. Scheuer) 



By Seymour Papery 

Cecil and Ida Green Professor 

of Education, M.I .T- 
Professor of Mathematics 

Massachusetts Institute of 
Technology 



•258 



Part I: Summary and Policy Recommendations 

During the nine;:.-!en eighties small but Immensely 
powerful personal computers will become as much 
a part of everyone«3 life as the TV, the telephone, 
the printed paper and the notebook. Indeed computers 
will int?grate and supercede the functions of these 
and other communlcational and recreational home 
technologies. I emphasise: this will happen indepen- 
dently of any decisions by the education community. 
The driving forca lies In Industry. This computer 
presence has a tremendous potential for psychological 
impact including Improvement of the process of learning. 
It will effect .adults,. children and babies In homes 
as Well as In schools and In places of work. Although 
the coming of the coniputers I s Inevitable, the way they 
will be used can be Influenced very profoundly '. 

The computer presence of the nineteen eighties must not 
be confused with the relatively modest and primitive 
computer aided Instruction already practiced In some 
schools and tested as part of projects such as PLATO. 
We envision everyone having his own computer. Ever y 
child will have access to a t hous and tlm>.*s the computer 
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FACE TWO 

The presence of Che computer affects the problem of education 
In Chn following ways: 

---people living In ^ society Increasingly perroeaCed by Che 
computer presence will need Co know abouC computers. CompuCaCion 
will be added Co Che 3R*s as a basic skill. 

Che presence of Che compucer- and people" skill in using l.C 

will deeply chan^^e Che way everyChing elso is learned. 

As a" analogy Co illuscrace Che concep. of compuCers changing 

Che way in which everyChing is learned^ consider a conCrasC (expressed 

caricaCurally cor brevity), beCween the natural w.iy French is 

learned by children growing up in France and Che formal 

way ic is Caught in schools in Che United Stat;s. In France, 

babies learn colloquial French efforcles.s and tffeccively 

by speaking it> i, classrooms, are drilled in rules 

of grammar, the process is painful and not very effective. 

My research shows ChaC che cocnpurer allows knowledge which is 

senCly badly taughc by formal m'--, ns to be well learned in 
a natural ^ay. Knowledge whose learning c.n hn transformed in 
Chlswa7 lnclud^.4: 

maChematlcs4,,compiiCer3 arc r:i.ich«-"nacics speaking belnf; s. 

Properfly ust»d, Chev allow children children to learn math like 
babies learn r-> speak. 

written languagc^-.-ill rhlldrt'n li*;irn to sp^-ik the cnlloquinl 

d I ii 1 e c 1 5» in a natural w a y » but v ^ r y n ,i n y have difficulty with 
learning n o r « «? o p h i s C i ca t e H ii ^^ ft of -v r f C t r.' n 1 a n u a ^' e . The c o m p u C t» r 
.•an p r ' I •/ { (J .» ,i I ,\ r n i n -.^ f n v i r n r^..- n r i -r^. ■ n i r li ■; n -.i i '■, r i ,i r *• rl 
vrir:-n I . n ■ ■ . , ,^ i. l.--ir;i.'' : w ■■ ■■ ■ . ! i ■ m : .i ^ 1 i n .>i .i . 

***Thiis, th" c, »• r h n o 1 1) / le.id;; to .i 
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• X ' PAGE THREE 

/ 

global, holistic rethinking of education -, of how and 
^*here It happens, and of what Is iearned by whom. To 
be used effectively it must not be constrained to such 
;ocal Incremental goals as lmpro\ Ihg the teaching of 
fifth iSrade arlthjnetlc. The federal agencies and the 
e'^ucatlon coiranunl^ty as a whole are used to thinking In 
terms of Improvements of an existing system rather than 
to hollstlc-Klobal redesign aimed at Improving over-all 
performance: To bridge this gap r\ew funding policies 
are Jieeded for demonstrations and study of learning 
environments to];ally redesigned so as to, respect the 
integrity of the new technologies. 

Proposals for pilot projects of a holistic nature have 
b«:en rebuffed by funding agencies with comments tan- * 
tamount to:, "prove you can swim first and then we'll let 
you get Into the water.". This policy sacrlflc-s' the 
opportunity for, knc^ledgable and responsible research 
groupj. to try wej.1 thought out methods of using the new 
Computers before they become widely available. 

^he policy makes It certain that the- . computers will 'be 
ased eltheT amateurishly, fadLshly or under the inl'luen.-e 
of the educational software houses wl tji the bjT.t advLTM.lj 
agent . As muc. as a decade mlghi be needed to get buck. 

I 
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PAGE FOUR. 

? 

from that situation to the more rational one we could 
easily have atthe outset. 

Steps to be Taken 

1. Recognize that we are In a critical situation which 
requires the deployment of sutiitantlal resources. 

2. Create a high level advisory committee on Psychological 
and Educational Effects of Computers . 

3. Establish atleast two Academic Centers of Excellence 
'/hose faculty > research staff and technical resources 
will be adequate to carry out holistic projects and 
to train professionals for .work In the area between 
computer science and the human sciences. 

U. Provide?' least $20 mllllor, per year to the N-S.F. and 
to the N.I-E. with an explicit mandate to establish 
programs for fundamental and applied research In areas 
3j*elated to new uses of computers In education and In 
the home. 

5. Provide '^20 million to the Bureau for the Education 
of the Handicapped with an expllci* mandate to create 
hoi-lstlc proJecr-3 or. informational proGtheiils. 
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Part II; Elaborations 

Hopes for substantial Improvement in education hnvf; 
frequently been raised b:^ h^w technologies , by psycho- 
logical theories, by new curricula, by new organizational 
fnrms or simply by new educational techniques. Experience 
has made disappointment in these hopes a social expecta- 
tion/ An attitude of conservatism and scepticism about 
education .reform has been reinforced In the education 
community and in the public at large. The prevalent mood 
is "back to basics" (I.e. to traditional content) and 
several stutlles ' have concluded that money spent on 
"technology" is money wasted.^ 

Xn the present-conjuncture, thl3 attitude, although we 
can understanjl its origins, la Inappropriate,. For this 
time, the computer has brought us to the verge of a true 
revolution in the way people loarn, a revolution which 
will produce changes as far reaching as the changes 
produced by the past century of technical progress In such 
fields as medicine, communications, transportation ar.d 
(alas) warfare. The computational revolution Is certain 
r.o happen; it Is driven by inciustr.y r;a.:*rfcr-. than by the 
'.duc^Xlor-al communUy. It/will tnJ^ pl.i;:e(ln the hone 
wnother or not, t.ho scho'j U; >f^V-pt. It . 
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Just as neither the scepticism nor consei:yatism which 
were prevalent at the turn of the century could have 
held b^ck the development of the automobile and air- 
plane, so too, the dlffCislon of the computer Into the 
lives of everyone will take place during the next decaJe 
whether educators are sceptical or not- But there 1^'. ci 
very serious danger that a lacfk of well Informed ;inJ .. 
timely policy making will result In the trlv la 1 izat ion 
of the potentially powerful computer Impact. Without 
an Immediate dtock-taking we may be digging our-selves 
into ways of using computers which could turn out to / 
be counterproductive to education. In soutidlng these \- 
warnings I am mindful of patterns followed by the socl-al J 
appropriation of other technologies. For example, In 
the case of the automobile, we first allowed many millions 
of vehicles to be constructed and then, much later, worried 
about how to repair damage to the .-itmosphere , to enf.Tf^y 
resources, tocltle 3. 

Although It Is obviously Impossible to forsee every way In 
which new computer technology could be misused or under- 
employed, we are now in the prer.t.TiOf of ;;ome clear cases 
of both. The ^'edoraJ 'lovernm^-nt. I l*. In ,'i por.ltlon to provide 
luadershilp and to make avall-ibl'- im: reiiOur-ues which could 
greatly enhance the social tjienerit:; of computL*r technology 
Ifi th»' area of t-ducatlon cun^^-lved of In the broade.;t 
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PAGE SEVEN 



possible sense. ' What Is unique about Che computer Is 
that its Imminent mass diffusion Into the home offers 
us the social possibility of broadening our definition 
of education. The home computer will make It make 
sense to speak of "the learning society." 

Such energetic action is needed now. The education 
community all the way up from its grass .-oota In t».e 
schools to the policy makers In the Office of Educntlor. 
13 profoundly out of touch and out of harmony wl' ^ the 
pace and the spirit of rapidly moving, sophisticated 
technology. In the case of computer technology, the 
gap between educators and technologists now constitutes 
a real crisis for rational plannlnfr. 

The situation Is comparable tc what woul;' happen if 
nuclear power had be^n invented at a ti-ne In history 
when the tnllltary actablishment was accustomed to 
thInkInK In -erms of cavalry charges. It 1:) sometimes 
argued that whllft fall.-.' to adi^^ '^he lat^-st tech- 
nology In -irmaments could cc; ■. -ttjonal crisis 
in the case of edacitional l-l: : i ^- n affc ' - a 
social policy or "wait and sef . ' 'f^^:.' irgument Is 
myopic. A "wait and sol' . r. M. . ntemporary 
education la Tabu 1 aur. : y C(/.--y tr- ru. :v ii-y ami In huma 
terms. I Illustrate by cI' i.m;. t.v ■ -p"-: 
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The Social Cost of Incoherency 

The most basic cost of "wait anr; 1j that incurred 

by individuals. In the Unitci^ .'v ,ies aiorif , a million 
children a year are lost to the' .« ..u-jat lori » 1 process, 
many of them irreversibly. Thr:,y drop out or they settle 
for functional Illiteracy altr -.L.i;;n they possess a dlplorr.a. 
The sensitive use of the compuv r presence could have 
made an important, perhaps cr'.">.3l difference to their 
educational experience. Even r.'.fr€ dramatically, the 
computer could release a hurired thousand physi<.illv 
handlcapperl people from lif'> oi' isolation, depc-r.J vncy 
and cultural deprivation. "o? ;^'iter technology, now at 
hand, could open the dc^:* 'o social contact, -nowledge 
i ."^"i economic Independence for tr.:se peor ■ " . At present 
computers are not being usro e^'^'e^ t, \ v*. ; address 
the'it; human problems. To u . do ^ :>.'Vt '-^ Ire coristructlng 
a new system which would embrace v-.r^'-- ; ^\?jpt.-'f:ts of the 
Individual ' s. life and provide In h /.'•r.'"'r'_'nt spirit many 
different services in y oohereiit urc integrated way. 
However, the tradition cf r*-:-,v.-i:T:h and development in this 
area as in education re.-.;u^':n m- a whole. Is to make small 
innovations, ea.':h : . . "tlcular function. By their 

nature, no one su 'i j n-iv'./ iclon can make a significant 
difference, nor ai ,.; • different ! rinova 1 1 on:^ m-ide ty 
different people f - *ri.' atlble wlih each uthor. 
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The cost of "wait and see" means that we have no coherent 
plan to attack eerloua problema In a serloun, holistic 
way. "Partial", Ineffectual patchwork efforts are 
inevitable because of the bias towards them in funding 
programs. You cannot build a new computer culture thL- 
way you would make a minor curriculum reform. 

Social Cost of Allowing a Method to Dig In 
The arrangement of keys on a typewriter is irrational 
and Inefficient. It was adopted in the early days 
when typing too fast Jammed the keys of primitive 
typewriting machines. It' remains because the psycho- 
logical as well as monetary costs of recycling all 
zna typewriter.^ and retraining all the typists is 
prohibitive. The arrangement of the second row of 
keys in thl^ irrational syjJtem li. QWKRTY and I call this 
pfienomenon of the persistence of anachronistic ^ 
•.echnology the QWERTY phenomenon. A QWER^^T process is 
already at work in how the educational system is usin^ 
the Liomputer. It has adopted mothous of use which were 
dictated by the primitive nature and hlf^h cost of computer 
in the previous decade. 

It o^vlouij t.h.-it Ih" Jl ri'ur.iuri modct-n iit.-ri;onal 
computers Int.o a culture; i*;it. r-'i'Atlt In n rai^ld evolution 
of a population, lu; (7-n«''^-il i-aur-it lona I levt-l as wt-ll as 
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! ts technological and sc lent. 1 Tic iiophlot ication. If 
we "dig in" with anachronistic model.s oV cornputur ut.l-, 
other countries will be able to move much Taster than 
we in taking advantage -of 'the computor ' 13 educational 
potential. In fact, it is already happeninf^. Other- 
societies are less hampered by QWEHTY-llke residues. 
In our .situation we can reassert our lead, but we can 
only^'o so if we act with a sense of urgency. F InU , 
CO recognize that there is a problfrm — atid then to 
m;indate research in this field whi- h explores the 
holistic .approaches to the problem th.it "tr-aditional" 
educational :;tudlec are constrained from doing. 

My opinions on these Kubjecl:i ^:omo Vv(--r' over fifteen 
year:=: o.'^ research In the area of ih*:^ Intersection between 
computer i:cience,and the numan ^.'.clenoes. r liavv- t.eeii 
particularly concerned with r.tudylnj^ way.; in W^hlcr; the 
process of learning, and intellectual development ,c:in 
be fnhan::ed by the computer presen'^e. 

An MIT we have studied how children of -lem^-ntary school. 
a>.:es who have lear>nr*d to pr'or.ran ^i.^mput'.-r-i'. In our LOGO 
::ompiiter-r Ich e:iv I ronrri'-n'. 'ibl'> u/.e corrifUit^^r .oncvpt.; 

to undei-stanci -.heir own pr-'u.-.-;.;::.-;-. . i' i •.•■ir-n i rn'; and logic, 
i'or* ex amp 1 e , •. nt-y can '.n I :i nou t hew T.hey "d ubug" a 
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PAGE ELEVEN 



problem as a way of correcting It locally without 
having to demolish the whole and appreciate this 
programming strategy as a way to solve all kinds of 
problems, even those that come ap far away from a 
computer terminal. We have watched children learn 
to use psychological Ideas which wou.lrf normally be 
considered far too abstract and sophist It^aif^d for 
such young people. We have scudled how these ci'l^Jren 
are able to acquire an articulate approach to the 
process of learning by taking the computer as a 
s Impl 1 f 'Hi model of certain aspects of their own nlnds, 
W^,' have seen many cases In which this process leads to 
very great Improvements not only In "has Ic skills" but 
In children's ItrLaj^es of t-h.^mr>f; Ives as Intellectual agent? 
and the Improvement of self-lmago leads to improvement 
In learning . 

Serving as a model of mind Is only one of very many ways 
In which a computer can mediate the growth of a child's 
sense of intellectual power and of meaningful rolatlon- 
:;hip to knowledge and tec: hno io^^y . F-'or a child really can 
roister the art of comp'Jt.er ur'o>^r-ammlng n;id use it as a 
:ocI to accomplish personal projt'^'r.:;. of far greater 
.jor.plexlty nnd .unbltlon than r.<ny!.hlnK hr c njld do without, 
it. hiii In or-il'T Vn rji.'ik*' It uHt-'s Will (slmu3at.v a 
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PAGE TWELVE 

space night to the moon, make music or animate one's 
drawings, for example) one needs to communicate with 
the computer in a mathematical language. 

A major part of my work and that of my students and 
collaborators ^.as been building "computer rich 
envlronmpnts" in which children, are motivated to 
communicate mathematically, often for the first time 
In nheir lives . 

For example, many children who had seen mathematics 
as a boring and meaningful chore find themselves In 
an environment in which mathematical knowledge serves 
as a means to get something done which Liie child wants - 
to do. 'iMs, for the first time, the child's perception 
of mathematics has something In common with what makei" 
rnathomatlcr. valuable and oxcitlng for englpeers, 
scientists, navlt^atorr., -oonomlr.tr, and otherr. who actually 
•J se 1 1 . 

I have U30d •■t- metaphor of cr^-atlnp; a K.'-.hland (i.e. a 
cLriC- where peopb^ spoaV: in math-mat Icr. ) no con/ey a sens 
of the tremendous differ-nc- betw-en learninr mathematlc 
in our- computer rich envlronmont and In .1 traditional 
.iHSsroom. Th. cMCV^^v.n^- i ;^ i^nal-.v^u. :.o .hat which 
nf-ar-at-s i-arnln;- r:-'r-;n ^y .v^winr: '^P in rranc-^ from 
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PAGE THIRTEEN 

learning Frenc:i l.r. a school room. When you learn 
French in Prap;;- you learn It effortlessly, without 
a special cur :v.U'.x and you learn it effectively. 
These things are also true wht^n you learn inathematlcn 
as a language by convtirslng In It. The computer makci: 
it possible to reall::o the concept of MathlancJ. Computers 
are mathematically :ipeaklng beings. At leant In our LOGO 
environment, children get the computer to do sometnlng 
by "talking to It" in a computer language. This language 
is eaijy to leirn and deoply mathematical In i;pi:'lt. A 
major goal of my work has been to Invent ijuch computer* 
languages and to find subjects about which children might 
Ilk" to mathematically converse with computers. 

^Much more research needs to be done. But evr-n at this 
point, the work of our laboratory and that of Alan Kay 
at XEROX have Rhown that this approach works. 

The idea of building Mathiands is not the only suggestion 
around about how computers could be? used for enhancing 
nathematlcnl learning. On the contrary, the more common 
suggestion Is to use tr.e co.nputfr to admin Ijcer to the 
child perfectly traditional exercises :n doing s-jms . In 
f^ct, T hav»- no objection In ujln^r thv ■ ■ ofn;)ij t ^-r- ri:i n 
t"a-her. But I want t<« ch-arly makr- the pr,tnt ttinl i_n 
this part icular case it r».*ri.,'cts a serious faliaro to 
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ijnder:3tand and exploit. XAw computer ' r. i>ru.- polvnti.il . 
Children who Ifrarri rrjathornaL 1 -'G In a ria^'ural wny In .-i 
Mathland envlronmont, do not ne^d lo fuivo \l dr'!ll«.-i 
and drummed Into them wfiethei' by h teaoher or by a 
computer Just as children do not have to be drU i-d In 
order to learn to speak thelt own native dialect. The 
fact that chiMr.-ri need to bt.' drilled in mathematicj 
reflectis that we ar-.* fi'-'t. u:Uni^. a natural learning', 
process to teach th'-m. 

In it:: r>lmpl^st form, my ar^^urr-^nt for how we ,^-houUi 
u:;- th'-r computer in the learnln?; i3ociety is to exploit 
the -.'.mp'Jter" potential to oroatt- ;-.uch nat.ural ^'imlni: 
p:'Cce3o-^- The..r. ^'.ce:;:^ei^ tend t^ happen in tutal 
n V i roTim.-' n t r. w h K: . ■. f a <; 1 i t a t e them. 

::. the -.ase of the c.-;put-.", r-uch en^-lronment J need to 
t,e b-;lU, exp'^r.lmen^e.l with, rebuilt. Sum ^^t;Jdle.:, 
wr.;:r: invnlve bulidin>^, a new oomput.-r oultur-' "Cvr. tne 
.;;-^;ir.i ^.p" d.-. n:;t. r.r^vr.-r.y.on'A tj the I'oi'tv, whi :h i »■<;.-■: 
wh-v: ^.ne r\i-. a r-...-arcb pr-^^^al. Tnere i.^ :v. z\r^;A^. 
■/ariat::- ' l.olat->, ^.n-T-e 1 .^ n<: .^urr'l^ulun belap: 



i!.-n I beli^'V- re::pvc'. 
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the integrity of the technology, exploit it rather 
than constrain it. I have not done this to illuctratc 
"isuccess 3torit.'s". These imagi?ij have so.T.e common 
themes . They all suggest that the computer can bo a 
cornerstone of a new learning society if our society 
embraces the fac t that c he computer offers us some 
rmJically new possibilities to truly b«^come a learning 
i;oc I'.'tiy . Wo r-ire at a turn ing po int beraur.i* :;o'.> i 1 fia'u 1 ti: 
are pushing us into taking what could be revolutionary 
:ind makinf?; it banal by trying Lo asL^imilate computer:: 
Ir.l'" edaf:at lonal models that we developed In a pr*»- 
'Vj.T.r'iiT.or era . 

When we '^pfnr -'botir. . n-; ienv U" 1 .•• f.rogrf.':js we i:pf*ak of 
f.atviligm ::hiftL3 — tht;:v..' arr t.h..- :itut'I' ol* which 

I en*, i f ic rovol ut lonfj are made . Our r-o^* i'»:.y neodn 
1 rriaridate to mobilize for ouoh a paradigm .^h'.fr. in our 
way of looking at computers. Without It, our children 
will grow up in a computer culture, but one which hai; 
:.oi. bven mob i 1 i -<;e''i fcjr an educationai revolution. 
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STATEIAENT OF DR, SEYMODR PAPERT, DIREuTOR, ARTIFICIAL 
INTELLiaENCE LABORATORY, MASSACHUSETTS Il^STITUTE OP 
TECHNOLOGY, CAMBRIDGE. MASS, 

Mr. Papekt. I would like to d' ^hat iind I would like to say at the 
outset how important ; think it is that you arc holdinix those hearings. 
It will be the tluust of my testinu)ny that w(^ are on the vorcre of a 
real critical situatif)n whicli I think deserves to be cJassiiied as a 
national crisis, 

I believe that resources should he devoted to the study and direc- 
tion of work in this area and if we fail to do this, there will be .serious 
(hini^er not only of a waste of aii opportunity hut also an aggravation 
of .social problems within the United States and the U.S. po.sition in 
the intermitioiuil area. , , 

I am making '.yery strong statements and basing them on a vision 
of the role of the coin[)Uter in education that is much more radical and 
uuudi more (piestioning of educational practices, in fact, much more 
sul)V(U-.sive than most of what we have assumed in the past about educa- 
tion, than the view whi(di is usuidly adopted b..* peoi^e in the cpm- 
muiiity who are concerned with (;omi)Uters and education. 

What I would like to do is (irst of all to try to convey lo you sense 
of liow the computtu* pres(uic(; will be able not merely to assist or 
imi)rove traditional institutions lil:e schools in teMchiiig... traditional 
subjcHls but will ratlical'y (dunig(» what we teach, wluM'e we learn it, 
and how we learn it. And to inak(^ tlu* point. 1 would like to set up 
some analogies to use as images. 

My. Scheceu. Lot m(» ask a (piestion. Vou say what we teach or what 
we leaiii anti where learn. There are some p(K)ple who M that for 
some kids, low income, culturally deprived children who (iroj) out of 
school systematically and predictably, are turned off by the public 
school system, the elementary and >econ<lary school system totally and 
that they are almost incapable and so stidtified to the leariiin. process 
that i( uuikes communication, even primit ive communication between 
teachers and i)upils, almost impossible and that probably there ought 
to be an alternative in that whole system. 

For some kids it is not worth trying to improve and if we cannot 
teach them in an educat ion-typ(» euvironnient , may'he we can teach 
them in tiu> work environment. Maybe there ought to b(^ release time. 
Maybe ki<ls 14. io, ami !(>, insteati of being recfuired to go to school 
should be p(»rmitted arul (^ven Wi^'ouraged to get jo;)s and as part of 
that iob thev would have several hoiirs p- r day where they would in 
efTect .earn the skills that they were not abt.'> to learn in an educational 
environment. i • i 

Do vou think there is any validity to thai point of view and is that 
possible? And if so. {loe.- tlie computer have a part to^play? 

Mr. FAi'KKT. 1 agree totally for many c.hildren and rnost (diildren I 
•""would sMv that the schools (hrnot work 'as a learning environment. 'Fhe 
strategy -should ru)t be to try to fix the scho()ls by making minor Im- 
provements in otherwise, bas'ic- -they should be replaced by sonuitliing 
verv dilTerent. .\ow the computer can provide a viable alternative, and 
r(riik(; to describe to vou how that i:ngh( hajjpeii. 

Mr. ScuKUKU-. Ditl I'hear you say that you thought this was true for 
most kitls in our elementary and sef:or. lary .school system? 



Mr l^^pt:K'^. I Ixdicvr that viTv, vtMy few kids reach niiytWiig like 
tlui irUelleclual atlaininents of w^nXh lliey are capable. 

Mr. ScMEUER. 'J'lial n a horse of aMliin^reiit (-(jlor, few adults do and 
few peoj)le do. ' I 

Mr. rAPERT.'I think they aM^eouhl. 

Mr. SciiEUEK. Few ( 'orit^^ressmeii oi)erate at the level at whicdi.they 
are theoretically capable. 

Mr. Papeht. [ think the job whicli the schools are tryiiii; to do suc- 
ceeds only to a very snudl extent for almost all kids; that is, almost all 
kidscouh^ learn much more than they do l(»arn and it would he under 
(lifTerenf c^rcumstaces. 

Mr. ScHEUEu. And you will describe: them. 

Mr. Papekt. I will describe some possible circumstances, but in 
tlescribin^': these possible circumstances I nni also sidMuittiri^ that |>art 
of what constitutes a crisis in this ".s that very little is bcint; done by the 
society to study these alternatives, that it is almost iinpossibU^ in the 
.-present state of fundin^^ and the j)resent ortrani/iition of the Federal 
agencies concerned with this |)roblem, to ^rct the sort of support that 
is necessary for the kind of e.Kj)eriments that need to b(5 done and that 
all of us in this work constantly compromise ourselv(?s by beint^ forced 
to the kinds of experinients that you can t^^et fundint,^ for which are verv 
far short. . ^ 

I think' it will be my conclusion that ('on^iross ou^dit to be taking a 
|)Osition of l(»a(ler>liij) an<l giving nuunlates to the .Nation and to the 
Fed(M-al agenci(»s to do a v(»ry dillVrent kind of work in this area. 
I^ut let me give an c.Kample of what 1 meant by a radical change. 

Mr. SciiKKKu. L(»t mi' clarify what 1 was trying to say. I thiidv \vc 
are saying two different tilings ainl wc nniy both l)e right. 

You ani saying that for almost all kids' our pr(\s(»nt educational 
institutions at the elcni(Mitary and sf^condary level, and maybe at the 
college and po->t-graduat(» levels too, they fail gro.-^sly to optinii/e 
their' talents. . 

What^r am saying is not inconsistent with what you are saying but 
it is simply cpiite diinM-ent. For a signihcant nundxjr of ki*ls the educa- 
tional environuKMit involving elementary and se{:{)iularv schools is a 
sort of a Death Valley. It i^ nothing but skull, and crossbones. 

Mr. Papkut. K(»ally, [ agree compl(»t (»ly. 

.Mr. ScriKri-nt. Tin* (Mlucat ional enVironnu'iit from thejnoment- the 
ki<l coriKvs into tlu* building in the nn)rniug ju>l totally t^urns him olT 
and he is alienated and he is totally apal-hetic atid he does not relate. 
There is just, no possibility of a h*arning (»xp(M*ienc(* taking j)lace foi* 
him. I !o not think that is true of the nnijority of our kids. 1 do not 
think that is true. What you talked about may be true, that he fails to 
optimize his talents. . But ! would say f{)r tlu' maj(M*ity of our kids 
in the eh^mMUary and s(M-ondaiy system s(»(Mns to do pretty well, 
('ertainly, for nuddle-class white kids it is fairly successfjd. 

We do end U|) winning Pulit/ei* Pri/(»s an<l Xobel Prizes for kids who 
went through this educational establishnicnl not to(> long ago. For some 
kids it is pn^tty good. 1 have two daughtei's who W(Uit through school 
and coll.*g(» ami through law .^(dH)ol. M\' oldest <laughtei* is woi'king 
for a cir<',uit court of aj)|)eals judge. Foi* her the system worked j)r(»tty 
weli. Sh(» took to It. Maybe sin* did jiot ()j)timi/e hei* talents. Maybe she 
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should bo workiiij^' for a Sn|)roine i'owvt Judge. But it wusu't all .that 

bad. ' ' » 

But for other kids it isAin unmitlgatod blooming' disaster and tor 
those kids wo have to produce some kind of an altenuitive. 

Mr. Papkrt. Can I tttlk about the kids about whom we agree that it 
is presently an unmitigated disaster? 

Mr. ScHKUKK. 1 don't disagree with you, but I am just tryino: to 
clarify that vou and 1 are talking about twodifrorent groups of kids. 

Mr. Papkut. I anrtalking about both of them. But for the moment 
I viiir concentrate on the group you are mostly interested in. 

Mr. SciiKUKK. I don't say Tm mostly interested ii>^em. I am 
interested in edLicational excellence, too. I think our college-bound 
kids probably could |)erform much better. I think iii terms of a crisis 
in America. Maybe we (uive both crises, biit we certainly have a 
crisis in turning out kids who by the time tlu^y get to be 16 or IS are 
functionally illiterate, wlio do not have reading and writing tLs tools for 
life in a society that iK fairly sophisticated and wluu'e these tools 
become indispensable precoiulitions for success^ in the work environ- 
ment. There must be some job insjLruction and tluiy must be able to 
[)erform in a world whore writing 'is an essential form of exchange of 
communication. It is absolutely essential for those kirls to learn to 
read and write. 

Mr. Wkij.s, Nlay I interject? 
Mr. ScHEUKu. Bv all means. 

This is Bill Wells', our cJiief of stalF. 

Mr. Wkli.s. There is another aspect of this too, that the computer 
seems to bo breaking down and that is \\n\ artificial barriers of the [)ast 
between male and female tvpes of educ^ition. 1 U^id occasion not too 
long ago to talk with tlvv rlean of the School of Engineering at the Uiu- 
veisitv of Virgirii»v w»' rv mv voungest daughter lias just been enrolled 
and he is ah olul.^; ecstjitic that one-fointh of the entering en^gineer- 
ing class this voir is female versus a decade ago of 'A, 4, and 5 percent. 

We were talking aijout I hi and. at least one element of this is the 
computer l-cvolutitKi, t'lut f males have moved into the (^omputei- field 
in (.v.uiall}-, if not largtv n : , ^ers than males. So I tliiidv this is^cer^ 
t'ainly a big (*or»>»'lerat' "i.^ 

Mr. F PEHs \l)sol.. ely. 

Mr. (Eb V. '^orieed. 

Mr. 1 .u>kK'i'. Now I woulc i;ce-.to think (^f one of ese children foi^ 
u'hom school is a complete tuinoll' wlio fai'ed to learn even the most 
elementary nnitlieniatics or skills at s^hoo!, who failed to learn to 
read or write eil'ectivelv, in a sense. 

Now b(»fore we dec nie that that kid is incapable < f learnmg, we 
should look at what he did learn, aiul there ccu'taiidy are things he did 
Icai'u, For example, lu* leai'ued to speak his |)ar(icular (Lialect^of his 
native hiimuag(\ He might not have ItMn-ned to s|)eak .standard English 
biit th(u-e \s a v(m v cofnplex thing, the language that vvassjioken around 
him, which he le'arned very well to s[)eak. Psychologists like Pieroget 
by proi)ing moie carefully have shown that there is a vast amount of 
ItMirning that goes on coniplet(dy unnoticed. Before the kids come to 
school thev learn very ellectively. Tjie ([uestion I wouhl like to ask is 
let's give a namtt to t'h"is. 1 vvill call that informal learning. 

Mr. ScHKUKK. The street smarts as we call them. 
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Mr. P.M'KU'r. i\i(ls Icjirii IlicslnM't smarts cfroct ivcly imd infornuilly. 
When filthy coiiu' to school thi'V full to IciLrn tho school snuirts iit \\\\. 

Now iisini^ thiit as an aiiaio|iy, I wouhl hkc to'talk alioiit some rc- 
siMirch tliat w<i hiivo doiU' at. MIT which asks whcithcr you can set Uj) u 
h^arnini^ cnvironnuMit in which the things that are prcscMitly ha(lly 
learned or not learned at all, usinj^ tlie school's inetliods of formal iii- 
stniction, whether thes(^ thin^rs "an he K d'ued in the way in whieli the 
street, smarts ar(^ j)icked by every kid. 

Aijtd we have found many ways in wl-ich th.is can he done, 

Mr, S('ap:i;p:i{. Tell us. 

Mr. PaI'Kkt. I will tell you ahout one that centers around (lie com- 
,l)uter. I would lik(^ \n pursue the analoj^^v a liltle fnu'ther of usin<^ the 
street lanj^niai^e, the dialect learned hy tlie (duld, as elfeciiveiy as the 
exami)le. ^ ■ 

>If you want to talk ahout j^ood lel*Lrnin^^ let us-starl with uii exami)le 
of sui'cc.ssful leurnint: and that is an (v\ami)hM)f - (m\v succctssfid loiurnin|j;. 
Let us contrast the way in which you learn your own lanj^uaj^o. as a 
(diild very well with (lu^ way in whi(di you learn a foreij^n lan^^uai^e like 
French iw xdiool, very hadly. The dilleronce that you learn your own 
lan^uaj^e hy sj)eakin}^ in it lo peoi)le who sjx aU the same lan|i;'ja^e witli 
you an(Lshai'(^ c(jmmon interests. Now Can yoii learn mat.homat i<:s in 
t he sanu' u ay'.' 

Well, 1 heiirve tho.-e kid- who turn out to he ij;ood at iriathomatics 
don't learii it in the scho(d. They learn it i)ecaus(^ they ar(^ surroiiiuied 
.l)v adults, who, wh. thc)- the adiilts know it or not, speak in nuithemat- 
ic's. ^'ou mi^ht not know that you s|.cak in u)at luMiuit i(;s, hut speak- 
inj^' in mat heiu.Lt ics nu^ans'usiniz certain k)nd> of ri»:o;\ j)rocision and 
so on. 

If we knew a nuiiric nay o*" numnfaci urin:: 1 million mathematically 
speakin^^ '4^)e(ti)!e an('^(i i>t rihii t in,«i; tiuMu in Jl\e streets, tlu^ kids mij^ht 
learn math^malio hy ^peakin^^ to then.. We don't know t hat, nia^^iijal 
way. I'm sorry. We di». not iiitil a year w^o. And thero is a piece of it 
andther« i> a piece of it [indicat ini:]. 

The comi)uter a mat henuitii al >i)eakin,L: vehicle. 'I'he experiments 
tluit we are to talk ahout are e.\j)eriment in whifdi t he (duld is j)Ut into 
•in (Mivii'onnu^nt a here he ri'h''e> to the comj)uter as a mathematical 
s[)eakin^ \(diicle. 

nd what wc see in the.-e en vironnu-nt s ai'e kids who are totally 
lnrnc<l off fi'om learnii.u^ unit licnuil ics hy reritinj:; lahles and learnuif^ 
(hinirs hy rote. Hut t hey are totally t urned on ^md ah'^orhed by talking 
in mathenuilics to t he' comput'-r. .\nd they leai'n mat lu^nat if's in the 
way they learned to sj)eak their native lan«^ua<:;e, without noticing that 
they are leai'uiiig arwlhing. 

.\ favorite ar.iMMlote of ^ometliini: that haj)pened in such a class is 
the ."ollowinir; A kul >itting thert* j)rograminLr away. This is a kid \yho 
was right down at the bottom ") j)crcentile level of sc1h)o1 before. This 
kid luul learned to program' in an experinuMit al cla^s we ran with suj)- 
|)ort from the National Scienr'c Foundation. , 

There >hc wn> |)rograming away. A very j)rominent math edin-ator 
vi>itcd the (da ..roum nn<l nd^JMl the ki<! ne.\t door doesn't th(^ com- 
puter nuike math tun-. And llii^ little girl looked u|) angrily and said, 
"Ain't noihm fun m nuith." And she went back to programing her 
comj)ut er. 
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Tm ^oln<( to tell you ahotit wluit she was doiritj; with the computer. 
It was very mathematical. But for this kid th.o word ^'mathematics" 
had alreody been defined as something' had. And when she found her- 
self doing mathemati(;s and finding it fun she delined that ;s not 
mathematics. There is no reason to coi'iect her. Welelhergoonliketluu, 
except a year later she made the discovery herself anu / the end of the 
year she wavs s.iying, "You know, it is really (juite e.i If 1 had not 
been so dumb in first <;rade, I wouldn have all these tro.'>Ui>s now/' 

By being dumb in first grade she didn't mean that she d.n't learn 
it but sjie refused it. Now that is typical of many, many ; :nts and 
anecdotes I could tell you iibout. \ am using it. as an oxai'- of how 
• the preseiice of the computer does not just change the wu; . ■ u ad- 
minister the same old lessons in mathematics. It (dum.ges the wa * o.\ 
are ♦eaching it by changing the relationship between the indi-, ; ' 
learning and the s\djject nuitt.er being learned. 

Now in order to do this, of cour^", wc had to do a. lot of research j 'm; 
a tot of creative work. Wo have to this computer system wi^ 

hingtnige that chihlren love to learr. o had to set it up so tha- < 
(diiUI luul sonu'Miing interesting to thiK \o ihe computer about, i. - 
no good taking the lirst grade kid ;in'i 'V^ ing we will t-alk t;) .'li.^ 
computer aboiit how to solve equation^ ' child doesn't wa:-' ' 
solve equations, not yet. 

9>o what we try to do in this projet^t is u.r. . things that it f..n 
for kids to talk with computers about. 'r^''\v i.. * programs and kids 
le:ir-ii computer hniguages verv easily ju t learn any langu.age 

very easily.They writ(^ programs to iniu .m- ( tivs on the screen^ to 
make the computer nuike music and nuuiy </viuM thiufvS of this sort. 
So this is establishing a rapport or rel it ioasl. ip' of tU'e child with the 
^ (oiiiputer by (Uu'eloping langmiges iluit the romputer chu understand 
and the ctiii(l,can learn and giving the child sunuahing to talk about 
' with the computer, which means nuiking graphi( screens. You will 
see on the little com[)uter that is drawing a picture. That is a very 
simple computer that an example of the very low cost computers 
that are now being made for the home nnirket and the kinds of j)ic- 
lures it can draw are probably not quite good enough to get the kind of 
involvement and enga_gernent Tm talking about. Well, maybe they are. 

But in a very small number of ye:M*s tluu*e is lU) dqnbt ih.at there will 
be in every home in tb.e lJr/>tcd States nuudi more computf^r power than 
tluu-c. is in that nnudiiue.. nni- b more conq)ul*'.r power than the com- 
puter scientists of MltiO h;'d. \'m1 this computer power will make it 
very easy for the programs of the -xy.J I have been talking about, where 
thc'child uses » ::omputor as a personal instnnuent to do things. which 
are fun an(. » , uniu^fid to the cliild, like play music arid do nuithe- 
nuiti'cs. ^ 

Anoiiiet vKjimple. What aboJit the written language? The >ame c-hild 
we are tnlk.u" >j.bout wh/ learned to speak but did not learn to do 
mathemati' .s also failed to learn the written langun-e. And I think one 
reason — th:^ is just taking one slice out of nuuiy — obviously, 1 could 
talk about Mns for a whole week, bi;- ij'k^ug one ^lic-e out .>t nuiny, I 
woidd like to focus oh tins aspect of M);' vvitt/en language, iht^ it is 
not a communication nuHlium for most jieople. / 

For scientists nuithenuitlcs is a langiiage, and that is why it is fun 
for them. And for some ordinary people, mathem^itics is a language 
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bub they don't know it and they learn it as a comnuniication medium* 
Spoken language is a Iviiif^iuigc for everybody. Written language is a 
language for sopie of us For many kids tluj written word is never used 
as a personal commimication medium. 

Enter the computer and the situatiou changes very radically. I 
disagree very strongly with the statement by Dr. Emery about how the- 
electronic mails migh<. be useful for b.amlicanped students but wouldn't 
be particularly useful for the ordinary student. 

I have seen situation in which children who *woi^ functionally 
totally illiterate, who wore oven thought to be incapable of reading, 
they were really iUiterate m ^ar av- the teachers were concerned, when 
they got into a situation where they could communicate with the 
computer and thoy wanted it to do tilings, they started spelling and 
learning the alphabet. There were no lessons and no drill and practice 
any more than the baby needs these things. 

There was for the first time a reason for tfiis fliild to want to com- 
municate in a condition that denninded writtcr; communication. I 
think the same thing is \ for the electronic mails that insofar as the 
computer network opens up the fjxciting possibility of being able to be 
in touch witl. mnny other people and being in tou(!h with them in 
different ways through a written means of expression, this transforms 
the written bmguage into a personal f")inmimic;ition. 

Another (^\aInpl(; of ho-v the - ornnutLT presence just by ))eing the.'-e — 
I mean not by administering lessons f)ut by beini^ there it can f'hange 
the way in which langfiag(» ^^an Ixi learntMl and [)erfe(:tec!. In the^je 
hearings 1 was told by Swanso . that luy ^vords are beiii,^^' written 
down. They are going to b(» typcvi up and sent to me for con re lion. I 
will have a cliance to edit (hcni and they wil' come back here. No 
oubt some staff menibors will t'dit tluh.i further. 

Mr. ScMEUKH. .No. No. No. Yuu will b(i i^e final word. 

Mr. Papkrt. They will be |)rinted aiul |)eople will read the proofs 
and typos will be riorrecled an^jj^ey -.viU fventuidly go out. 

What I'm trying to say is l>i'twtuMvnr 'hough'- -iuui the emergoace 
of that fhial (loV.iuuent tlu re -is a rompi' i)roces uf editing, fdianging, 
typesetting, correction, and so forth 

What 1 want to say is in [h(i pro'.'Mciion of this (locun)ent there is a 
considerable amount of stnu^turcti activity mobilized arid deployed 
in o.'der to produce this^>cament . 

EvtTy time 1 write a.pa[)er ilio Mwnr ;hing hr pens. I have as'./:ve- 
tary who will writ(^ it and :,iv(^ me a ty[)ed v t: ion and let my make 
corrections and it might go through s(*ver round of ihis. This is the 
way in which in the en(l one produces good writing and the w,\y in 
which we improve our skills in writing. 

Now 1 would'fike to compare tluit situation with what, v luhl happen 
if 1 were an average sort of »third gradr kid ^ le'. ' not take iin averag^^, — 
let's take one of those you were t.dking ^^r..u\ v/lio scarcely able to 
read and write and who is very unliap[)y a)- i ariiagonistic and negative 
in the school setting! 

He is told to write a little test. Very painfully and slowly he spells 
out tlu'se almost illiterate and i-Ilegi'^le scrawlings on Mie page and he 
turns it in with jbsign of relief. \^hn\ h • uev; ; dots is tr take what he 

has written and read it. — he can liardiy read H. himscdi ^ riticize it and 

listen to someone else's criticisms iind modify it lie doesn't have the 
secretarv or all of these technical resources tha* \ have. 
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Tlic coniputJM- cMi) i^nvt' it to liim just 1)V l)iMii<r tluMV as a t(*xt (Mlitiiifc 
svsl(Mih providtMl it is >r{ iij) in a \va\- that is coii^^ciiial and iTsonant 
with what s(mm!1s to liiin i)(Tsoua!ly *syii^^<*^^'<-' matrlics, it kind of 
f(Mds riLilit. If it'^ in tlu' riudit sort of feel for liini, lu^ caii use this so lio 
will wnto 1)V tvi)iMLi al this ('oinp»it(M\ The onti)nl will he porfeetly 
clear text. If he'wants to ehan^n' it, he doesn't throu.u;h tlhis lahorions 
process for him so slow of rewril iii.L:. He only has to tell tlu* coin|)uter 
chan^^e that wonl. 

We havesei'ii a few expeiiincnts in which various j)eople ol dilterent, 
a^es put into an enviroinnent whcrt^'^t hey have access to such com- 
puter edllint^ systems, tlu' amount, ol writing they do^iroes up enor- 
mously. Hut what t^oi's up even mon'. eiH>rmously is the. amount ol 
rewritlnii;, l)i'cause j)e(>ple who have iievei' in their lives rewriUeii 
anythini; hei^in to tlo this ail the tinuv 'I'hey are constuully (duingiiij: 
ami cprrectln^^ aiui e(lltin^^ Ami as tlu^v woi-k on this text edjtin^^ it 
th(\v are also editln^^ their own ahilities and ini|>rovm;^^ their own 
ahiiitie.s to do it. So ther(» is another exami)h' in which the (''omijutt^r 
heiun; there is nMe to have iin impact on the way- in which people 
h^irn to rend and wril ^ 

Nf)w we contrast that with a dillVrent. way in which com|)uicrs are 
heint^ used thesi' days t') help readinii; and writin^^ or to help urithinetic. 
(\)nl^)uters tire heii'iii; us.mI in scho^ois to drill the kids in spelhnj^ or to 
drill the kids m aritlimetic. The comi>iiter says till in the ^^ap or which 
of thesr woids is wron<^ly spelled or it says what^ is 7 phis S and -l} you 
irive the wroiii^ answer it says stupiih Now it seems to im^ that that 
IS tiie mo^^-s(^f-contnuli('tory misusi' ol a technolo^^v that there has 
ever heen, [)ecause th(v c{)nipiiter is hein^^ usi'd to (Hire a disease which 
couhl have heen pn^ventcd hy a i)rop(M' use of the comimtcr, I tJunk 
tlu^se kids fire Ifavin^^ trouhfc in scdiool with arithmetic or si)elhng 
hecHuse they never hiM'iime en<rat:(Ml in the j)roc.ess of natural lourning 
i>f tiic written hiiimiat^e and of mathemut ics. 

Now what, the com[)Uter should do is j^ive tluMU that and we wou!( 
not iPM-d to dru;n and drill them in the s(dio()ls. Why have we adopted 
ihi'r. more primitive use of the comi)Uter? I. would cud this hy raising 
an important kind of social warnini^, This is why it is a nationid crisis. 
The j)atlern of social aj>propriation of any technolot^y works like this 
thaj ihr first i)iecc of the technohi^a you have is very i)rinutiVi,*. 1 ou 
don'l know how to use it so what'yoii do to jt is (he same old things 
vou have done heforr, hut sliLrhtly dillerent. 

Tie' lirst ancestor of the automohilc was a horseless carnage- and it 
reallv was that, a carria^ire with an cnii'ine attached. The j)re{lecessor 
of cinema was when thev made the movie camera they put the camera 
in front of the sta^n- and acted a play. It t{)ok a whole j^eneratioii 
iH'forr \\c ivallv understood that cineina couUl he. used in a much 
Inoiv eiVMtive wav than domic the old kind of acting. There were now 
tiiinirs vou coulddo with il. I see what, has heen done up to- now with 
ccMupuiers in education asliki'.the horseless carriage and lik{', the 
eimuna movie cnmera hefor*^ movies were uivetited, hefore Holly- 
wood liMppened. ' • . . 

One reason whv that ^hould hr >o,.of course, is that is tluv natural 
thiiiL^ to do hist/ Anothei- HMi^on is that u|> to now comiuitcrs have 
l)eeir a scarce and .•■xjiensive resource. One has had to justlly the 
huving of an cxj^en-ive coin|)Ut«M- to use in an educational setting. 
Tliis is i mmunni^ raj)idlv. It is changing not IxM-ausc of the leadership 
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{iiivcii l)y tlic (MluratHHi (•(niuuuinty oi I'.vcii I',/ •( '()ii<;rcss — and I \\o\ni 
this will ('lian<^('— it is cluui'^in*; hccmisi- the h^tulershij) which has coinc 
from industry which has coiiunittcd i: ii'lf to a t'.«sk of !niinatnri/Jii«,' 
and lowcrin.i^ the cost and hrin^in^ij .nc computer into the lives oi' 
1 lu' people. 

'There is a j)r()(:ess afoot, which (pn;e indejx-' dently of the decisions 
of educators, is «i()in^ to put into" the handv if (»very child in every 
honu' this treniendous e()niputin«^ j)()W(»r. 

Mr. S('UKi"t:it. When yoii say in the home, how is it i^oin}^ to }j;ct 
in the homes in s()uthea>t \Vashin<,Mon or in Harlem or Bcrdford- 
Stuyvesant? 

Mr. P.M'KUT. I helieve hy the end of the H)S()'s you ou^^ht to [)e 
ahle to f)uy a t(»levision s(»t that is not a part of a coniputer c()nij)lex ! 
I helieve that t he c()>t of a computer is ^oin<; to he so >nudl that i)eople 
will huy conmuters as t()>> for their (diildren. This will he (dieajxu- than 
f)uylni': a halloon. I (^xa^^^erate. It will he eheaj)er than huyin^ the 
averaf^e sort, of toy that is now hou^ht for Christmas, even in Harlem. 

Mr. vScuKr.KK. Hill Wells, who is our stall* director, says you can go 
into Hie harrios of San 'Tuan and in every home, even if th(\v donH 
have riinninir ss'ater. I hey will have a television set . 1 was explaining 
to him that in New -York's Harlem and Bedfnrtl-Stuy vesanl and the 
South Bronx .ind the .worst of \hr slums that you can go into an 
aj>artment and it not only has a television set hut more likely than' 
not it will have a hig c(Hi>ole of lelevi^jon an<l record j)layer and tlu» 
whole schmeer worth $700 or SstlO. 

Mr. P.APKK'r. That is the wa>' the computer will come into the 
homes. It is going to <'omc iuto the homes as part of the desin^ of j:)eoj)lo 
for what you might call entertainment, if you want to he (lisj)araging. 

.Mr. ScuKrKK. How are these kids going to learn how to orchestrate 
t his computer .^o that they havf fun and relate to it? Wluu'e they 
learn it? 

Mr. P.M'tUt'r. 1 would hoj)e they would learn it — that the official 
education system woidd do >()mething ahoiit helping them to learn it. 
liul I think there a.re a nund>er of scenarios and 1 don't know which 
will he the way it will j)lay out. 1 think conij)uters. nuudi more than 
anything (4>e, can he selfieachmg. . 

Mr. ScuKrKit. \yili there he televisions shows like Sesame Slrc^et 
that will >hnw the kul h(>w lo use the computer? 

Mr. TAeKirr. Al>M)liitel\ , there will he. But I think that is only one 
of the j)(>s>il)le channels. L(*t me rejjcat The kids learn to sj)eak with- 
out anyhodv rejdly showing theui how to speak. They l(»arn to sj)eak 
l)eeau>e they are >urround<'d hy j)eoj)le who are speaking. 1 think thoy 
will le;M*n to use the c()mj)Ut.u* hecause i tu\v a" e surrounded hy eon\- 
puters iu mueli the same wa_\'. 1 thiidv tins needs ■ - carch. 

And what a lot of our I'e^cjirch has heeri devot . i is creating things 
to do with the (omputers nave wdiat we Ci:'' no tlue>ii()ld. Kor example, 
in order to learn to j)r()gram thai c()uij)Ui' you have to sj)end at lea^t 
5 uiinuie^ }i.n(i if you are an illiterate child \ou might have to sj)en(l 
an hour. 

Mr. ScuKrKK. How mu'-h tinu' would a ( *r)ngressnum have lo 
sj)end? 

Be very careful. [Laughter.] 



28:. 



281 



Mr. Pai'Kut. luivc^ set things up and we have tried to (Teute 
hinjruuges for toyint^ with the. computer und thiiiiis to do with theiu so 
that in the first niimite, even if you are illiternte, or even if yoii are a 
'A- or a 5-year-ol(l child, in the first niiniite you can (h) something. 
Mr. ScmKUEU. I'm willing to try it, , 
Mr. P.VPEUT. I'm afraid Eastern ^Airlines shook up our eompnter and 
it is not going to work. You are weh:ome to come to MIT and we arc 
willing to hring it down again. 

NTr. ScHKUKu. I would like to have y(' ' ))i ing it down again. 
Mr. Papkut. Well, rnayhe the point iuirdly needs to he emphusized, 
but I think I would like to end on optimism and with a eautionary 
statement. The optimistir-prtTKement is that computers are going to 
he there. We don't havivlo worry about ho\. to get them into people's 
lives. What we do haveUo worry about is the cautionary side which is 
how we can influence tlV way in which they are used and what the 
relationship is between t!\e (:6m|)utcr,an(l the evolution of the public 
scliool system. 1 think presence of the computer both in the way 
I have been talking aboytt of replacing formal learning by informal 
learning but. also jnso X^ as the computer itse f can be a teacher an'l 
can mayhem come toTIo fonnal instruction very lefToctively. I think the 
computer raises or [)uts into (piestion the puhljic school system by, for 
the first tiuu', offering a viable alternative to it. 1 hope that the public 
school syst(un Is going to be able to a(hij)t itself. 

Mr. ScHEUKU. In other words, you are sayini: it can either be inte- 
grated into a more enlightened and nuirc sensitive pid)lic school en- 
vironment or it could be a sid>stitute for the public school. 

If it is a substitute, whcMe are the kids going to go for the substitute? 
What kind of [)lace will it be? Is it at home? 

Mr. Papkut. I helieve a lot will hai)pen at home. I also believe that 
there will be social contacts across ('omputer networks. I believe also 
that new kinds of organizations will start off as sort of clubs and things 
like that. There is the home group (computer club in (California that is a 
fantastu'. and novel kind of organization of computer hobbyists. 

Mr. ScHEiJKif. Ari^these really sophisticated kids who are making it 
at school and wJio have therel)y become computer mavens? 

Mr. Papeut. Let me say thai wc don't know very much about how 
to answer those questions. I think we don't know very much how to 
answer those questions and I think that the study of who gets caught 
by the computer under what conditions and who g(^ts stinuilated and 
•chiillenged is a complex cjuestlon of psycholoj^^y and sociology which is 
getting alnu)st a negligible amount of attention although it should be 
one of the nuijor ([uestions confronting our society. 

Dr. Swa.wson'. Since we are talking about exposing rather young 
children to a high })owere(l tecdmology, 1 wonder if there are any 
studies to (h)cuiuent its effects. Does your own experience indicate that 
there nuiy be harmful -psycdiologicafside elfcM-ts with young children 
working with cornpntcM's? . . , 

Mr. pAPKivr. it is very clear that tin* close, intimate interaction witti 
computers has a powerful eifecl oji the mental life of some individuals. 
We know cases where tluit cll'(Mt seems to be ne^^ative. It makes 
people antisocial aiul ilrav/s them into such f-lose relationships with the 
machines that they are cut off from other people. We know other cases 
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whero it IS invi^^onitirij; and st imulut irit; and brin<^s the kid out of the 
depths of de|)ro>Mon, out of even autisin in one well-documented ease. 

So both of these tinners ean happen. Where ur<rent reseandi is 
neeessary is studying under what conditions which of these things 
ha[)peued to what people, I think this has to he recognized. One of 
the thint^s this cornnnitte(» can do is to give recognition to the n' _cency 
of this kind of i.ssue as a national crisis. 

~One of the reconunendat ions I would nnike is that a very. high level 
eomrnittee he created on the educatiorial and [)sychologicai uses of the 
computer. My answer is (hat it can go in all sorts of directions and 
there is no point in guessing or speculating about which way it will go. 
What there is least point at all in doing is simply trying to turn a blind 
ey(i to it and put one's head in the sand and >ay ban the computer. 
■ Mr. ScHEUEu. Has anybody said that'.' 

Mr. PaI'Kut. Indeed. 

Mr. S(;fiEi:p:i{. What does the teacher's union say'.* 

Mr. P.-vPKin-. A lot of teachei's are teniiied about the computer and 
ilie reason they are terrilied about the cominiter is that they see it as 
an alien and t hreatenin^^ thing. They (h)n't see it in the spirit in which 
I'm talking where it is a very hunuini/.ing thing where the use of the 
computer which children use, leai'ning mathenuitics by talking to the 
coniput(»r ill nuithcniatics, such children are nuich easier to teach, 
because tlie\- want to learn. So the role of the teacher is facilitate<l. 

For nuiny tea«-liers tin* computer is seen as sonuUhing tha^ will 
displace or sub>t it ute for t hem or make theii* job harder. - ' 

NIr. ScfiKt'KK, W(^ will send vou the transcript of testimony given 
last week at the first on(^ of these liearing.s by a superintendent of 
schools from my congres-ion;i ' di>lrict in Brooklyn, Dr. Harvey 
Garner, who has l.)een carrying out a computer j)rogram and he 
detaded for us how about 2 years ago when they started that teachers 
as w(dl a.- the parent^ were extremel\- .-keptical of the computer both 
in terms of its nuuuigement j)otenti>d and its learning f)otential. And 
now the teacluu's are ()\erwhelnnngl\- enthu .tstic in sui)port of tlje 
computer bc^■llU'^e tlu*y think the ((^nipuler enables them to do their 
job bet ler. 

Mr. Wkij.s. Vou might mention Mr, Shanker, 

Mr. ScHKi.'Kft. Vc>: and Al Shankei' him>elf, the president f)f the 
tc»aclu*r's union in .\(*w York, su|'ij)orts tlu* computer, because he is 
convinced, too, that it enluinccs the rtdc of the teacher and enables her 
to be very much more co>t ell'eclive, enables lier to relate better to the 
kid an(| it crea'te-^ a nnich nu)re j)o>itive en\',ironment iri whi(di all of 
the partici[)ants can funct ion. 

Bill? 

Mr. Welis. Dr. Papert, you mentioned tlie virliuil absenct* of any 
signilicnnt work in the social scienc(»s :egar(hng the imj)lications of 
sonu^ of the things thai you ser' on tlu* liori/on. How best do you se(^ 
this being f(jrmuhited, iin jipproach being fornudate(l? Does the 
computer industry whir-h is. .spearheading this luive a resp(Misibilrty 
to try to hook ujj with the social seienii>l or do tlu* social crentists 
have to barge in }ind >tiy what the h(*ll is going on ht^re? 

^ ou mentioned some lyi-es of ct)ndition' now. Are yf)u liiinking of 
sonuMhing jdong the lines of the luuuHMly-doluison Commission on 
Autonuition Ter hnoloirv in the Ecoiioni\' which look plac(» in the ndd- 

I 
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sixties bi'ciuise of allo^^od ri.sii)t: unem[)loynient bcranse of uiitomation? 
Is this the kind of thin^^ yoii perceive? 

Ml. Papekt. 1 think we need a inulti[)ronjred approacdi and need to 
rlo nuiiiv thinf]cs. That is one of them. [ certainly don't think that the 
hiirden shonhl he phiced entirely. on indnstry. I think there are some 
aspects of it that industry can, should, and in some cases, does [)erform 
very well. But there are some as|)ef!ts which are not inside their scope. 
I would like to mention one or two others that I mentioned in the paper 
you have as to the institutional answers to it. I think one of them is 
settin*: uj) some such commision. 

I think other [)eople have a better e.xpertise tlum I do in (lecidinj; 
what kind of commission or committee it should he. I think it is very 
important for the few suitable universities to creir e academic centers 
of excellence in the urea which we call computer.- and [)eople, the 
[)s\7*holo«;ical aspects of the computer. 

I ima^ne that the faculty and reseandi staff of .such a center would 
include botii com[)Uter scientists, >ociolot:ists, psy(diol(j|xists, and 
educators. I think there is ^^oxny: to be a very desperate need in a few 
years time for ex|)ertise in the society. 

I think not oidy do we need research to be done, but we need to 
tram the professionals wlio are ^coinjx to serve these functions and the 
only way wc can do that is by settinjx up university ])ro»;rams. So I 
tJiuik that ou^lit to be doiu* and, of course, I think that the funding 
ajxencies like \SF and .\IE shotdd be <,dvon not only more money 
but more cs|>ecially a juandate to use it in a way that is better anitched 
to the recpiircments of this ^xrowin<^ fi(dd. 

Dr. .SwA.Nso.N'. Does that mean that curr(Mitly you feel there is a 
lack of (lirectif)n and j)urpose on the [)art of the executive a^rencies as 
well as limticd fundin£x in this area? .Mso a lack of reco^aiition of the 
so-calh^l crisis that you are talkinix about? 

Mr. Papeut. Yes; indeed. In the paper I made the distinction 
between the incremental local ini|)rovements in an on<:oin<^ system 
and wholistic, jxlobal retbinkin«r of the problem. 1 he way in which 
('duration res(»ar(di is beinj^ funded and the way in fact it is being 
{|on(» in the (education research [>laces is nuudi more ^reared toward 
the incremental locral improvement than toward the wliohstic redesign. 
And this is because until right now there has Piot been the technological 
base for n\aking any wholistic redoitm. So wholistic redesigns have 
simj)ly b(HMi uj)-in-tlie-air talk and so people became disillusioned by 

the.m and naturally tli(»y don't 

Mr. ScUKCKR. Have you ever done* any thinking or writing on the 
subject of what an alternative system would be? Would it be a socir. 
( lub or a day care center? Would it be a ])laee of em])loyment for 
kids 14 to IS*.* Or maybe we need a lot of options. 

.\lr. Papkkt. I was going to say all of the above, but I think what 
we need most urgently is for some people to be able to set up today or 
next year simulations of the way it will be in 5 years' time. We should 
not wait until the c()m[)Uters are everywhen* an<l these new clubs and 
wa\'s of operating come into being s[)ontaMeously and they worry 
about whether it is being done ellVctively. ! thitik what we need to do 
right now is some exjxM'iments or |)iloi stu<lies in which many of those 
o|)tions can be ex|)lore<l by creating j)rehmimu-y models, creating 
enviriornnent- in which those things can be carried out. 
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I linvi* irivrri ij I (/I of t li()!ii;lit 1 1> liow (>IM» ii,i<^^ht (io -^udi pilot -tud'M^s. 
Whnt 1 hnvu i^iv.Mi iJMM'c tlioM^^lii toMii'l h}i\'c Keen MKH-c fni-i rated by 
i- how oi! cnrtli r>ri(' can ever t^ct tlie tiioiicy to \n- aM<' to <lo siu'h a 
t liinix. 

I )r.'S\Va\-n\. ( )n(' (|tnv-tioi! tliut loL^icuily fai-c- is in fad it --(mmus 
likt' you afc {i"\inir to l>o(»!^trap the whole ('ifort. I f \'ok ni'e taikint; 
af)oiit (|einon>tral ion project^ in -evrrai location- next year, what is 
to. -ay thci'c i-- not a |)aiicit\ of i'c-c)irchci'> with the kimi of \-i-ion yon 
arc art Icniat in^r lt> -tail" tiio.-c <'<Miicr-? 

Vou ar<* -a\in^ two thint:-. tinit wc lia\c to create centers to train 
th(» p(M)ple an<l we w:int to iiav<' an Jin^oinir re-earch project. What is 
t he >(;iiit ion? 

Mr. I\\iM':iri". I think tinit (ii:e>tior. in^ed- very earefnl thonirht and 
one has do it in a wcil-con-i(h*rcd aiii! well-|)hiinied wa\', hut \V(» 
have to (h) it arnl w<* iui\ to nnikc tiu' l)e-t of what we can witii the 
re>onrce-- availai)h'. try to chainidi/.c tiu'ni into rea-onahl iarj^e-scaie 
critical ina>.- |)roje<-t-. I tiunk tiic svay in whicli work i- i^oiiii; in tiii- 
area, like a lot of oilier.- i- lik(< if you have a l,U(K)-foot canyon and the 
•A a \' \ <)u j uin p o\ cr it i- to line \ \\) 1 .(H)O people each of whom can jiiriip 
on** fo(>t am I -ay j ninp." ' 

.\Ir. ScnKt That i- -ornj't hiiiL; I caii under>tainl. [Lau;zhtcr.j 

M i\ P \ iM.irr. 1 <-an lm vc an <'.\arnplc of j i.;-t thai. Let 's take this ai'ca 
of an cxcri more extrenn* ca-<' of where we know how to apjjly the 
tcchno|o(r\ ['at her lhaii the dro|)ont kid- in 'he (deinentar\' school, 
le! f^o to t he ai'ea of the \"er\ -e\ cri'l \ hh'IU ali\' haniHca pj)etl . L(»t nie, 
to he -pei'ilif-. eoiiccnt rat (• (»n pli\-ically handicapped hecau-e I have* 
had -oine exjjeriencc -eh in the urea of <-erei)ral j)ai-y. 

Mr. Scni'.i t-.i:. I- thai a rncr -al haitdicaj) a- well as a jjhysjcal 
handicap? 

.Mr. i'Api:i; i". Let in<' tell ihe -tory. This i> jn-t where t Ikm'c is n 
juohjeni. 

Mr. S( ni Are \ <>u talkinu^ aljont iearniiiLr di-ahled children? 

Mr. P.M'Kic'i. 1 Inn! :he opport iiriii \ of workire^^ la>i year for al;oul 
■Jl) hour- wilii an adole-'cii! who hail ff icheil that aire without (»V(»r 
havluL^ inanipidated an ohje(-I. lie doe- not have enotiirh control of 
hi- Inmd- to j)ick unxthini: njj and rno\"e it. lie ha- no -jjeech. 
cainjot Walk, lie li;;- li\-e(| ni whciT hair-, a life of total de[)(»nd(»ru'y. 
fie d(t.--n'l e.\[)rc-- hini-elf ver\ well. l^\-er\ho(ly thon<j'lu he was 
rcti.rded. The rea-on ih''_\" tlioiejlii he wa- retardi'cl wa^ -nch thinLTs 
II- the follow iliL-^ T!ic \\a\ he eon n n lU I icj; t hi- e|eiuenlar\ Meeds 
ti-e^ a method lhal ver\ \^ ide-j>reai I. 

lie ha- a -tick oi^ hi- ' .id and he can move hi^ head a litth* hit 
anM hi- hainl-. lie ha- tin- thini calle*! head-tick ami a hi^r thini: 
c«dh-d a word hi;, rd oil vsdo' li -\ mhol- oi' word- like hathrooiii and 
liutmiv are ioca'-d. lie coin m 1 1 II i< -a ! e- hy [JouilillLT at it. \ow many 
ki<l- viih hi- deirrer- nf .-ilalitx lo loox'c iheir In-ad :t"er\' j)ainfnlly ami 
-low!, learn lo t\pe . pokiiiL' 111 ihe typewriter. Tin- kd had never 
ieartt<Ml to t\|)e. ui)V -.everid oth'-r thitiLT-. 'I'hi- had can-ed him to hi' 
cia- lied :i- nn'iilalK ri- 1 :i It 1 • -d . .\ow lla- i"ea-on wa.- ver>' dillertuit, as 
1 c..r^ prove in thi- p:-.il nuhir cn-e. d'he rea-on wa- that learniiii^ to 
t \ pe wii- not worihw'iilr' for hijn. \Vli:ii*-> thr' p:i\oif in learniiii; to 
type if \ ()n do it -o o;mII\ jiihI .«iil| have* to n*l\" cm -onndiody 

putlim: the j)aper in. 

2^. 
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You are vvvn iwovv ^h'pciidcnt ok other people. Who wants it? Now 
l)v coimertinj/: the type writer, to a rornpuler that this kid by 
pokiii*: those keys coiihl eaus(? pirlures to he (h'awn on the eoinputer 
sen en, eouhl instruct the conipuler to print out the pictures on a i)rint- 
in.-; niaehine so that this kid eouhl for the iirst time in h\< life dniw, 
not only draw but make an ohjeet with a drawin*: on it. wliich is the 
first .^ift (!Ver made by him and t:iv(»n to anybody, whieh he sent home 
to his parents, or caused to ^o home to ihem. 

It nuide sense now to learn to {){)ke at a k(\vboard and within a few 
weeks he was typin^: as well because it was worth hi- while to learn 
to type with the <omputer. I have seldom had ^uch a moving 
e.\f)eri(»nce. 

But I would like lo >ny the -other >ide of it that is t^rotesquo tliat 
connvs I think almost (dor^e lo a national violation of <-ivil ric';hts of 
these [)''0[)le. When we have lri<Ml and expended a i^reat deal of effort 
in trying to ^ret funded a j)rojeet to do what I'm ^oin^^ to describe 
for these* people, and we cannot because of tin* fra^rmenttMl policy of 
lininir n[) — for e>:nmph», rif^lit now the Bureau for tlu* Kduf ation of the 
I landiiapped has just issu(»(l a call for i)r()i)osals. It has million 
f( ; a prot;rarn of resear( h, (leve!oi)nu'nl', and (h^monstration of iech- 
nolot^ical devices for tlH» lnuul;capj)ed ; JS--! million is little enough, 
but it c()ul(i Mctujdiy be u^ed (»xcept ihat there are 1,000 people on 
the >ide of tlie canyfJii phenomenon, -^'ht* call for proposals explains 
that th(» policy--alrhou.ij:h then.' no linnt to the amount you can 
ask for- - but in lh(» j>}'St money Im^ bern irivcu for J>;S(),()0() or $100,- 
000 f^rauts, I claim that -^ri vim;- .SSO.OOH jmt- a reseandier in a position 
to say make a little electric typewriter <() that -oniebody can poke 
lit it. But it i- not en{)uj:b to make much diiferenc*- in the life of this 
individual. 

Mr. Srif KCKii. Yit\i are talking about the critical nuiss problem. 

Mr i'.-. PKUT. 1 Ixdieve if we had critical u\i\» we con id., by linking 
this j)e!---on m<>re ed'ectively to the c(!ni|)Uter than hnving him poke at 
u ty p(»wrilei', he i\(n>v lo lenrnin;^ and culture a^id self-sulli<Men{'.y and 
i:u{e})enden<*e niid a cai'ei-r coidd be opened to him. 

A concpj)t which I htive bcjMi trying to label informational pros- 
tlu»tics means that with the <'omputer thi-. jier-on can learn, vlns ner- 
>on who is being complet(dy iMilnted and de[)erulent ean niiiniptnftte 
itifornnilion and < an do any job in the world which prinnu'ily iux-'olves 
nuinipulation of information, LikV \-our job [irinnn'ily is mani[)ulation 
of information, or that of a writer or mu>if'ian or sc ientists. I believe 
with this tefdo'iology if we had criiical nniss we coidd bi'ing a person 
like tliat to n |i(»ition wher(» in M year's time In* c{)uld be earning a 
living and earniug a living by entering into a field with open possibili- 
t ies where he could -et t le f»)r a nmt ine job. if he wanted but where there 
is a challenge for more crcatixe care(»r-. open in front of him. We are 
not doing that and we are UiA d.oin;: it largtdy becau>e of su<^h |)ollcics 
as fragmentation of re>(»}ir(di aurj tin* fact that jx^ople in the education 
comnn;nity nod especiaHy in the care of handicat)p(Nl tencl to be 
rather ant it cf huologi<*al in iheir outlook and larg(dy bev:ause {)f a 
sc'lf-eiiforcing [)oh<'\\ 

In the past technology ha> Ix-en disappointing. Tin* technologists 
are hunted to making tiny >tep"- whi(di coidirms th(> b(dief,that*te( li- 
nology doesn't do much good. Nhuiy studie.-- have (;on(d\ide(l recently 
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that t('chiiol()<^^v is no! rost ('inactive in (»ducatio!i. Look caivfully. I say 
that the reason is that i\wy liavt^ t(»st(»(l out a (ocluioloiry wliicli is 
subcritical. It would ho as i{ when the rofri<x(?rator was inviMULMl yyw 
said, ''Ha, we're only goin^^ to h(» able to allow people to make re- 
frigerators that drop the temperature hy 1 (l(»gree and W(»'ll see if that 
does some gootl first." And if |)e()pl(» like that, we will make refrij^era- 
tors that dro|) the tc^mperatun* hy 20 or 50 degrees. When wv \)nt out 
thes(» refrigerators that tlroj) the tenii)erat ure by 1 degree and every- 
botly says the food goes rotten just as much as without tlu* refrigerator, 
it does no good, it does harm, because it reinfore(»s falsi* expectations 
and a negative attitude toward technology. 

I think the story of technology and echication is very analogous to 
mv story of the 1 degree refrigerator and tlu» thousand peoj)le on the 
side of the i)re(!ipice. • • , 

Mv storv of the handicapped is just one (\\ample. I saiil it because it 
was a dran'iatic exami)le and oiu» wIumc I iioju* Tongn^ss can and should 
see it as a legal and constitutional resi)onsibility. 

Mr. ScfiKUEH. You know in tlu* last y(»ar that the courts have said 
that education is a constitutional right of educationally handicapped 
kids and that tlu* State cannt)t say. that this child is ineducable and 
do nothing for him. There is a constitutional mandate for the State 
to hav(» apj>roi)r)ate education for all kids, (Mlucationally liandicai)ped 
and even kids that we have uj) to now described as ineducable have 
constitutional rights to (Mlucation and constitutional rights for the 
State to make extraordinary eli'orts to d(»sign (Mlucation i)rograms 
relevant and sensitive to them. 

Mr. Papeht. The problem is what is ai)i)r()priate. i on sec, oil the 
school systems in the country are doing what they consider to be 
api)roi)nate, but the i)ersi)ective on these technological imssibilitics 
that is distributed in the ecbu'ation community is very far behind 
what can be done so that what they consider to b(» api)roi)natc is very 
different from what is ai>i)roi)riate and there is the i)r()blem. 

It is all very well for the courts to ride that you must do something, 
but if the j)eople who have to decide what to do are i)rofoundly out 
of touch with the si)irit and pace and possibilities of the only tech- 
nologv that can he effective, well the court ruling has been earned 
out m a legalistic sense but in a real human sense, it hasn't. 

I think we i)Ossil)ly need to r hange the legislation in order to nuike 
what is legal l)(»come more* matr-hed to what is real. 

Mr. S( nKrKii. I ngrec*. 

Mr. Wells. We misrht mention to Dr. Fai)ert that we are holdnig 
joint hearings a week from today with the EdiH'ation and Labor 
Subconunittee that deals with the liandicai)i)ed and vocational! 
rehabilitation. • i * i 

Mr. (i.\!.i..\GnKii. -lust one (iu(*>tion. It was mentioned as to the 
iKJssibihtv of some adverse reaction by teacher> and unions, and so 
forth and that some exami)les show that t hey welcome the educational 
ccmiimter to comiilement their work. Hut with the home computer 
it ^e(»rns to me there is a lack of control that a teacher has over a* 
classroom situation. .\t home the student could be getting answers 
to social sr:ience ([uestir)ns that are c(>mi)lct^»ly difhM-ent from what he 
is beinic taught at school, which coulil cau>e a j)roblein. 
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Second, many teachers are fearful now that the homework is not 
being properly done by the student because of outside influences; 
namely, television. I am just wonderinti: if you would want to comment 
on this? 

Mr. Papert. The problem you are raisincj; is real. and serious. You 
recall that I said earlier I see the future of the computer in the home 
as a serious challenp:e to the public school system. I think it is not 
inconceivable that the public school system can collapse if it fails to 
make adequate responses to this challenge. I think the problems are 
very serious and have to be taken very seriously. 

I don't think that any encapsulated answer I could give in a few 
sentences would deal with the questions you are asking except to say 
that those questions need deep, serious, and large-scale study with 
adequate resources of people and the possibility of experiment and 
simulation and setting up models and pilot studies where we can see 
that sort of thing happening as'early as possible so as to anticipate 
as best we can what it is going to do and what it is going to deal with. 

I think nobody knows enough to give an expert answer to what is 
going to happen in those respects. I can tell you iny guesses but they 
are only guesses. I think we have seen little examples in this sort of 
thing where the educational community has abdicated the respon- 
sibility of leadership. An example is the story of the little hand-lead 
calculator. I don't think its impact is so enormous that it may turn 
into a national problem. It is not nearly as potent in its ability to 
affect people as the computer. But it is a little forewarning of what is to 
come. 

As a statement of the problem, let us review a little of the history 
of that. You see, the hand calculator was the product of industry and 
industry produced it and put it out. The first reaction of the education 
world to the hand calculator was to say let us do studies to see whether 
this is good for the kids and whether it is good for the kids to have 
calculators and how can we incorporate them into the classroom. 

They started with a slow pace of little studies here and there. Long 
before they were answering their questions through their slow paced 
studies everybody had these calculators and calculators were every- 
where. 

Mr. ScHEUEii. The kids had them? • • r i 

Mr. Papert. Yes. The most successful teaching machine is a little 
calculator called the Little Prof which is a little Texas Instnimont 
calculator wliere you can punch into it and ask yourself little arith- 
metic questions and get answers. It is really fascinating to see how the 
kids like it. Why do they like it? 1 think they like it because it gives 
them a way of doing arithmetic in the ([uiet privacy of being alone 
without anybody looking over their shoulders, neither a teacher nor 
another kid. 

There is something about the relationship between this machine 
and the individual and in taking account of his whole way of thinking 
and what makes numbers and what they are to him that explains 
how this little machine is so catchy for these little kids. So I think 
Texas Instrument did a good job. They did one of the most significant 
pieces of educational research that we have seen in this decade, signifi- 
cant except there were not the resources and expertise to watch what 
was happening. 
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Tli(i scllool systems w<'r(' doinp; their experiments iasidc their class- 
room. They didn't nmli;:c, that what was happening:; outside the class- 
room and what was happenin^i: in a child's hedrooin when he takes this 
thing to bed with him and punches in, it is somethin^^ he conmiuni- 
cates with. But the school systems weren't watchins; that and that's 
where the action is. What I'm trying to say is because of certain nar- 
row-ncss of vision of the whole ediication establishment and its way of 
thinking tliatjt is failing to collect the data and (ievelop perspectives 
on what is really a social nu)vement. 

Mr. Gali.aghkk. Speaking of that, if it is adapted to teUMSsion, how 
will dad watch the world series when the kid is working on the cal- 
culator? 

Mr. Papeht. Well, there you go. 1 think we need to take theso'things 
very seriously. We need to sec that there are built in structural aspects 
of the features, the stru('ture of the olHcial e(lu(;ation somehow sednis 
to keep it from taking the leadersliii) and doing the right things. 

Mr. ScHEUKH. W'hat would you lilve to see come out of this hearing? 
If you were chairman of this siibcommittc'e or staff director, what kind 
of report would you like to write and who would you urge to do what? 

Mr. Papkkt. First of all, 1 think something is done just by having 
the hearings. I think that acknowh^lging this as a major and important 
area for thinking and study and concern is perhaps the most imj)ortant 
thing to (h). J th'nk it should go further than such hearings as this so 
some sort of committee, commission or planning organization should be 
set up. - ' • 

Mr. Scnp:uKu. ('ould the executive branch and legislative branch 
outside the public sector, is this an intercorporate poup? Is this some- 
thing that Brookings or a Ford Foundation or the KockefellcT Founda- 
tion .should do? Should Jo(^ Califano set this up? Should there be a 
White House*, confcrenr^e on computers and learning? 

Mr. Papkkt. 1 think it should happen in whichever way can mobi- 
lize deep-thinking, responsible peoj)le with influence to* he able to 
confront these issues and to engage them on a sufficiently deep level 
not to be making superficial judgments that express prejudice. What- 
ever nu»th(Hl of organization best achieves that and gives largo scale 
national prominenee and clout ^o what gets discussed there, that is 
what is needed. I would sav that is (me thing. 

Two, as I said before, 1 tfiink mau(hites and funding for the agencies 
which can do something about proji^r^ts should be given. 1 think the 
couditif)ns for setting up some sort of academic (-enters of excellence 
of tlur sort I mentioned should be given great priority. Those are the 
steps 1 would take at this state if J were you. 

Mr. Schp:ukh. Vou have been extremely stimulating and thought 
provoking. As you ean see, we have sat here for a long tinui. 

Dr. Papert, thank you very nuu:h. We have enjoyed and been stimu- 
lated by your remarks. 

Dr. John S(»cly Brown of the Computer Seience Division of Bolt, 
Beranek, and \ewman. Inc., of ('and)ri(lge, Mass. 

As I have told all of tlu^ witnesses, your testimony will Ix^ printed in 
the record at this point in its entirety and will you chat with us in- 
fornudh* as the two pre(UMling witnesses hav(^ done? 

[The prepared statement of Dr. Brown follows:] 
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Rotes lor Flddressing the " " -e and Technology Subcommittee on 
Domestic and lntcrnati-v - Planning. Analysis, and Cooperation 



We arc at the beginning oj zn Injorii o'utton. 

I believe that a revolution Is po. ^le over the next decade that will 
transform learning In our society, altering both the methods and the content of 
education. This revolution can occuv harnesslnff powerful computer technology 
to serve as Intelligent instruction.- ^!, ^C-cps > 

It Is clear to those who follo"^ cost projections that powerful personal 
computers will become widespread over tne next docado. However, it is beyond tho 
vision of many that these computers can serve as Intelligent, sensitive tutors 
for a wide variety of subject matter. 

Mo one would debate that computers can be page turners or rote drill and 
practice monitors. But It may seen Impossible that they can be Insightful 
tutors, responding appropriately to a wide range of unanticipated situations. 

A new paradigm', however, Is now emerging. In oy laboratory and in tho 
laboratory of my colleague. Professor Ira Goldstein of lilT, we have focussed on 
providing computers with an ability to understan d the learner that Is, 
understanding his strengths and weaknesses as well as his style of learning. 
This enterprise, the design of Intelligent Instructional Systems, treats as 
central first, representing expertise within the computer, thereby escaping 
the limitations of traditional, franc-based CAI; second, building structural 
models of the learner's skills, thereby being responsive to the needs of 
individual: and third, communicating In restricted English, thereby escaping the 
straight jacket of computer jargon. 

These are difficult problems that raise deep questions about the very nature 



regaro 



in a Learning Society 



I wish to thank the ^^ih^L , 



owing me to address it today. 
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ot learning. But they are probleas that we can approach through an 
Interdisciplinary effort of psychologists, educators, and conputer scientists. 
Fron this effort is arising a theory for bridging the gap between a learner's 
needs and the machine's capabilities; a theory that will naka the computer a 
truly personal tool. 

Since 1970 we have been exploring the conputer as intelligent instructional 
agent. Ve cnbarJted on this endeavor because we saw the 1970 's as prelude to a 
Dasslvc dissemination of conputer technology with truly incredible capabilities. 
We believed that while others were successfully nurturing the growth of this 
technology, there remained a pressing need to understand the cognitive issues 
involved in its use. 

This need was not being not by classical computer aided instruction, whoso 
vision of the computer was largely shaped by the capabilities of technology of 
the 1960's. In contrast, wc foresee a computer-based learning environment 
radically different from the traditional classroom situation an environment 
based on a guided "loarning-by-doing* both in the hone and in the school. 

Prototypes of the future must be crcoteti todoy. 

Let me now introduce you to three prototypes which manifest some of the 
capabilities that could be realized in tomorrow's learning environments. The 
first prototype explores a potential transformation of technical education 
through the computer acting as consultant ; the second explores the potential for 
a fundamental change in educational evaluation through the computer acting as 
assistant ; and the third explores the potential for a rGnaissanca of education 
in the home through the conputer acting as coach. 
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Computers can serve as consultants . 

My first exanple explores the dramatic iapact intelligent instructional 
systems can have on technical education. Training conpetent technicians to 
repair the everchanging number of devices and technologies on which our society 
depends is an important educational goal. The nass dissemination of toaorrow's 
powerful computers makes possible the widespread use of simulations in technical 
training. Just as flight simulators have long been important In training pilots, 
we believe that electronic simulations, for exanple, will be equally basic to 
technical training. These simulations provide inexpensive and safe opportunities 
for students to explore the complexities of a device. 

The critical contribution of the intelligent instructional systcn is to 
monitor and critique simulated tests and repairs made by the student. We have 
designed a prototype of such a system called Sophie for a United part of the 
electronics domain. Sophie presents the user with a simulated circuit to be 
fixed. The user can make any measurements ho wishes, replace any parts. Sophie 
observes these measurements and employs a deep understanding of electronics to 
decide whether a given measurement is needed or a given part replacenont 
Justified. Its tutorial function is to discuss these observations with the 
novice technician. In essence, it Is a troubleshooting consultant. The, student 
can explore the device with no possibility uf harm. In a private setting. \| 




— " "the availability of such consultants also solves another critical educational 
problem: that of continuing education. A technician faces the difficulty that 
the devices he Is expected to repair are constantly changing. Written naterial 
is ft clumsy means to document these changes, for It is a difficult nedlun in 
which tc describe the dynamic nature of repair procedures. We envision Sophje- 
like consultants as being the basic medium by which tcchnicans receive ongoing 
education. They arc dynamic, they are organized around experience, yet they are 
easily modified to serve as an educational environment for a changing technology. 





293 



Intelligent Instructioncl Systems pagt 4 



There is still another role such consultants can play. We believe the 
citizen hlraself can eriploy then to reduce the alienation engendered by nodern 
technoiogy. Scphie-like environments are fun: it is quite enjoyable to take 
apart a simulated TV set to s«o how it works. The eobeddod computer consultant 
can provide a guided tour of the device by enbodying a deep theory of the domain 
along with a cognitive theory of what constitutes conaon sense understanding. 
While the citizen will probably never actually repair his TV set, he has gained a 
sense of connand, of personal power through a better understanding of the devices 
which he employs. 

Indeed our vision extends beyond consultants for technical repair to 
simulations and coaches for a vast number of activities in our culture including 
flying a plane, sailing a boat, building a bridge, and even piloting a moon 
shuttle. Moreover we are designing a consultant for the task of programming 
Itself, to avoid the conputer beconina a source of nystery and alienation. 

Our culture has grown so complex that nany feel it is beyond their 
understanding. Through the siniilated world of the computer, with the advice and 
aid of an erabedded consultant, a dranatic and beneficial improvement can occur In 
our understanding of the world around us. 

CQPtputers ci^a^_^crue assistant.^ . 

Our second exanple concerns an intelligent instructional system capable of 



Below is a set of problems a young student, Johnny, was given In an actual 
classroon. All of the additions are wrong. Not surprisingly, the teacher 
concluded that Johnny could not add. 



diagnosing the underlying cause of errors in a student's basic 
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87 365 679 923 27,493 797 
493 '^574 '►794 ♦48) 41.509 448,632 

11 619 111 114 28.991 48,119 
But the teacher was not conect. For Johnny had ft perfectly reasonable 
procedure Tor addition; it Just had one soall bug. When ftddina two digits with 
ft carry, he wrote down the carry and threw away the units digit. Johnny was only 
one snail step away from a correct procedure, a fact that the teacher failed to 
observe for raost of the school year. The failing grade produced by traditional 
evaluation neither diagnosed the nature of Johnny's misunderstanding nor helpod 
hira to debug it. 

Recently wc have designed a prototype diagnostic assistant called BUGGY that 
can construct procedural nodels of students' arithmetic skills. BUGGY exaaines a 
student's answers and grows a diagnostic model thtit best explains the observed 
errors. In a recent expcrinent, BUGGY analyzed over 10,000 problems done by 1300 
students. The results were procedural models for each student, identifying the 
bugs in that :;tudcnt*s arithmetic skills. In the case of our young student 
Johnny, BUGGY would have Inferred why Johnny can't add. 

The consequences for standardized tests of the 1980 's are enornous. It is 
entirely reasonable to conceive of the current national tests being replftced by 
student interaction with systems like BUGGY. The result would be evaluations 
less susceptible to the uninformative yes/no quality of statistical scoring, and 
far more useful to the educator and to the student. 

In concluding my discussion of this example, let ae stress thct before bUGGY 
could bo built wg naeded to have both a deep procedural theory of the basic 
skills of arithmetic as well as a set of diagnostic heuristics. Before a(uch 
systems could be built for significantly more complicated domains--such as 
reading conprehonsion^-equilvalent theories must be constructed for those 
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domains. In other words, draoatic advances in computer technology alone will not 
suftice- 

Computers can serae as coaches. 

My. third exanple is perhaps the nost fundanental of the throo, for It 
envisions a renaissance of learning in the home. 

I will set the stag</with this radical statement: I see the TV sot, as we 
know it, disappearing in ten years. It will disappear by becoalng a part of ^ho 
home conputer installation. Of course, the TV/Copputer will continue to receive 
fionaaorclaJ programs. But this will no longer be Its central role. With far more 
frequency., the American fanlly of the 198a's will be using its TV/Computer to 
play gancs; to watch Interactive fllns in which the viewer can effect the 
outcono; and, nost important of all, to access the treasure house of human 
knowledge that will be stored In the raemory banJts of these computers. 

We believe that the TV/Conputer will revolutionize learning in the homo by 
uniting recreation with education Into a single self-ttotlvated enterprise. To 
explore thU possibility, we arc Investigating how intelligent instructional 
systems can make conputer games Into arenas for acquiring basic intellectyal 
skills. We are looking at conputer gapes because they will probably be the 
single most popular use of the hone computer. Hence, they provide a crucial 
point of educational leverage. 

The idea is, this: some TV games provide a challenging and active educational 
environment. However, as with any game, the player can reach a skill plateau. 
Good coaching is then required to move the student off the plateau. This is the 
function of the intelligent instructional system. It provides this coaching by 
emoodylng expertise for the game, modelling the player's skills, diagnoslno 
plateaus, and supplying appropriate advice to help hia surmount his current 
difficulty. 
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A reprcsentatlvo TV gaoe for which we have constructed a Basic Skills coach 
is a Dodern day version of Thosnus and the Kmotaur. Play occurs In a naze of 
cavos, in which various dangers reside. To play well, one must eopXoy knowledge 
of logic, probability and acoractry to doternine the bost move. Thus, the game is 
designed to exercise basic reasoning skills. 

Clearly it is important that these gaaes are an environment chat is active, 
that captures children and adults, and that exercises important intellectual 
skills. But their revolutionary impact derives from our ability to add a 
cognitive component to these systems, a personal coach serving to advise the 
player. 

To illustrate our prototype coach, suppose Mary, a young player, has reached 
a skill plateau. For example, she is not understa'nding the comoon sense 
heuristic that multiple evidence carries more weight than single evidence for 
competing hypotheses. Our prototype coach can observe whether Nary is 
consistently failing to apply this heuristic in her play. If so, the coach waits 
for an appropriate situation and offers advice . For instance, the coach might 
say: 



Mary, it isn't necessary to take such large risks laith the 
Hinotaur. You have multiple es/idcnce that the Minotaur is in 
cave 14 (where you uant to go) which makes it (juite likely that 
the beast is there. It is less Hhc'.y that cave 0 contains the 
ninotaur. Hence, Mary, ue might laant to explore ctive 0 instead. 



In the absence of such advice, Mary might be long delayed in acquiring this 
heuristic and the other basic skills exercised by iMe gome. In a natural way, 
the computer coach marries education to recreation. 

Of course, a human coach could also perform vhis function. But this is not 
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practical when one realizes that these gao^ will be in the home, played as 



Naturally, thero are raany subtleties In creating a successful conputor coach: 
the coach nust not Interrupt too often, it must not give explanations that are 
too lengthy, and it nust rotain a rapport with the student. To this end, we are 
constructing a procedural theory of the teacher tliat takes account of sych 
considerations. It Is a difficult enterprise and much work remains to be done. 
But it offers the possibfllt> of naklng the conputer the ultimate in congenial 
tools, one that is sensitive and responsive to Its user. 

Now MIKOTAUR is only one game aiaong many that we could have discussed. For 
fixaraplc, we have constructed computer coaches for the PLATO project's arithmetic 
game "How the West was Won" and the math educator's gane of 'Attribute Blocks". 
Rather than relying on canned responses, all oj^, those coaches embody an ability 
to construct diagnostic nodels of the strengths and weaknesses of the stiAent'is 
play, and techniques for generating explanations for any situation that nay arisfi 
in the game. 

The potential here is enormous. Imagine, for a moment, ten thousand computer 
activities all Intellectually challenging, all different. Now imagine tens of 
nilUons of citizens engaging In these activities as recreation. And finally, 
add to this vision the availability of coaches. Explicitly, the^ coaches provide 
advice to iraprovc play; they serve a recreational purpose. But, Implicitly, an 
educational purpose of the most profound kind Is being served. In ossonse. we 
are creating a new environment for learning, centered in the home and eauipped 
with personal tutors available on demand. TUii environment is activity-based and 
is ideal for reaching that segment of .the .copulation for which the classical 
schoolroom situation has failed. 



recreat Ion 
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A new science of learning is emerging. 

Lot us now step back fron these exaoples of intelligent instructional 
systems. Wo have organized our discussion around Jhen to give a concrete feel 
for the future we envision. But such an organization conveys only implicitly the 
Dost important characteristic of this enterprise, which is that wo believe a new 
science of learning and of teaching is emerging from this research. It goes 
beyond traditional psychology in its pervasive use of the procedural metaphor, 
beyond traditional education in its cpploymenl of now learning environments, and 
beyond traditional computer science in its focus on the personal computirfg. 
Already it holds the promise of transforming educational evaluation, of 
reformulating technical curricula, and of diminishing the difference between 
recreation and education. 

Its fund.inenlal contribution it to develop the concept of building a 
procedural model of the skills of the learner, It is this model that guided the 
repair advice of our technical consultant, the diagnoses of BUGGY, and the choice 
of explanations made by our computer game coach. The form and structure of 
procedural models of the learning process can have impact as much on the content 
of education as on the development of a new computer-based , methodology. Thus, 
the deepest significance of intelligent instructionjil systems in a learning 
society is that it not only revolutionizes the methods of education, but its very 
content. 

A new sociology of loarning is emerging as uell. 

I have described the revolutionary impact of v sonal computing on the 
methods and content of education. Now let no ti to still another area of 
funduDontal change. We believe that personal computing will have an equally 
revolutionary impact on the sociology of learning. It is our buliof that the 
homo will assume a new importance as a center of education. Wo see the 
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Intelligent instructional system as a household appliance, as useful to mom and 
dad as to the kids. Surely our neighbors in California will bo using such 
personal learning cnvironnents to understand the latest results in earthquake 
prediction, while we New Englandcrs will be studying with equal intorost the 
latest advances in solar heating technology. 

This is as it should be. Given the dramatic pace of progress in our society, 
education raust be a lifelong experience. But for an adult, the classroom, whore 
one sits among 20 to 30 other students, receiving limited personal attention, 
surely is aot acceptable. The hone-based intelligent instructional system is an 
attractive alternative. Learning again becomes centered in the homo; an 
activity for all family mcnbcrs; motivated by interest, not arbitrary school 
room demands. 

Places of excellence to explore this future must be created. 

Wow I will turn to the question of what" issues of public policy arc raised by 
this coming explosion of computing power. Considering the potential iapact of 
the computer revolution on the student, the schools and the family itself, we 
bolicvo it is urgent for Congress to establish a major program for research Into 
the theory and technology of computers in a learning society. 

Currently, the major source of support for thir; research is the Dcpartncnt of 
Dofcnsc (soc note 1) where it has been correctly perceived that powerful 
computing can servo a critical function in military manpower training and 
augmentation. But if we arc to consider this imminent revolution from the 
perspective of its impact on the schools and on the family, a new civilian 
program must be established. 

Snail projects have been funded by NSF and NIE. but they are below critical 
mass. We bclinvc conters of excellence should be established where the full 
possibilities of lOBO's technology can be explored today. (See note 2). 
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Such centers will be expensive, for they will require the most adr.;:..s'--, ; 
technology. Less expensive, but less powerful prototypes are pointless, for they 
will not reflect the resources available to the average home even five years from 
today. 

To some, this might suggest that we wait until the 1980's to pursue this 
research, when the technology is inexpensive. But while hardware is getting 
cheaper, the basic breakthroughs in cognitive understanding are not being made. 
Wo can wait, and risk a vast wasteland of hone computing. Or we can understand 
the issues now. The cost is insignificant compared to the national Investment 
soon to be mndc in these home computers. The cost is also insignificant compared 
to the change that will occur in the educational, recreational, and professional 
lives of our citizens. 

A frontier oj the mind is being opened. 

In closing, let me stress that the revolutionary transformation of learning 
in our society that we sec as possible for the 1980's is not simply a consequence 
of the incrcciible computer technology that will be available then. It would not 
revolutionize education, for cxanple, to placo the Encyclopedia Britannica within 
the memory banks of ovory hone conputcr. V,7iile this is worthwhile, it would not 
be qualitatively diffcront fron placing the books thcnsclves in the home, only 
cheaper. 

The unique quality of the conputcr that does make possible a revolution is 
that it can serve as a cognUivo tool . It can be an active agent -- a servant, 
assistant, consultant or coach in & way that books and television cannot. 
With vision, with planning, with dedicated research, our citizens can be 
employing this tool to open a new frontier of the nind within a decade. 
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Uote It 

Defense department agencies that have funded research on embedding a 
cognitive capability in conputers to serve as tutor or consultant are: the 
Advanced Research Projects Agency, the Office of Naval Research, the Air Force 
Human Resources Laboratory, the Amy Research Institute for Behavioral and Social 
Sciences, and the Mavy Personnel Research and Developoent Center. 

A^ote 2: 

KJIE has recently established a center for cognitive studies related to 
reading conprehension . U'hile its raandato is to explore the narriage of advanced 
technology and intelligent instructional systems, it is producing theoretical 
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studies that will be of use in this endeavor. 



ifote 3r The History of Itttelligent instnictional Syr^^em 

A," 

Intelligent instructional systens represent 9 • new generation of learner-based 
computer aided i/jjtructio/i, preceded in tine ;;y^ Vhe original Jramc-based systems 
«nd an intervening generation of ^experi-based CAl . The following table 
characterizes the history of CAI in 'ierro.' of these three generations. 



FRAME-BASED CAI 



PLATO 
TICCIT 



EXPERT- BAf.O CAI 

ABLO^ ;s-i 
SCHri.AR 
SO'^yilE 
^"CHECK 

BIP 



LEARNER-BASED CAI 

— > ABLOCKS-II 
— > WHY 

> SOPHIE-III 

— > MINOTAUR 
— > BIP-II 
WEST 



The Frame based PcrM occupied most of the sixties and even today remains the 
dominant paradigm ouf ;itle the. research environnent. Prograas developed within 
this era were typcally organized as a decision tree of raultiplo choice 
questions, with t%e student's responses deteroining which path in the tree is 
taken. Those CAI programs were the first explorations of the computer as an 
educational tool. They were in sono cases able to provide interesting learning 
environments, for example the fruit fly simulation of PLATO [Bitzer ct al. 1972], 
but were ultimately limited by an inadequate understanding of the problem domain 
being taugM, and intidequate models of the teaching and learning processes. , The 
paradigm r^f this period was to develop tutor languages to facilitate the design 
of scrip. s by teachers for their donains. Such an approach to CAI remains useful 
in certain contexts* but to achieve a new plateau of perforaance, a new design 
philos»iphy is necessary. ^ 

T/ie Expert-based period represents the shift to a new paradigm in which the 
goal is to embed genuine domain expertise in the CAI program. Three benchmark 
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efforts in this category, each concerned with a very different kind of expertise, 
are the Logic and Set Theory tutors constructed by Suppes et al.; the geography 
tutor of Carbonell and Collins; and the electronics troubleshooting tutor of 
Brown et al . 

« suppes has been involved with 'cAI since its inception, and hence his work spans 
all three generations. One of his long standing goals has been the development 
of a proof checker capable of understanding the validity of a student's proof. 
With the gradual evolution of machine Intelligence techniques, he and his 
colleagues have been able to evolve successively Dore powerful proof checkers 
[Goldberg and Suppes 1972, Smith et al . 1575]. Thus, in this case, the 
research represents an evolutionary rather than revolutionary transition from 
frame-based to expert-based CAI. 
•"carbonell doslane<i Scholar around 1970 as a CAI systen for geography that could 
answer as well as ask questions. The basic theoretical inprovenjGnt was tha use 
of a semantic net to represent donaln knowledge. Since that tioe. Scholar has 
evolved as a result of the later work by Carbonell. Collins and others 
[Carbonell & Collins 1973. Collins et al . 19753. 
• Brown and Burton's SOPHIE systen for tutoring electronic troubleshooting is 
impressive in terns of Its level of donain expertise [Brown el al. 1975]. The 
progran Is capable of sinulating the internal behavior of a power supply, and 
hence can 'answer nost student questiun*. rcr.rding the state Of the device. 

These programs nade possible a new livel of performance. Such CAI tutors are 
not limited to comprehension of a highly restricted sot of student responses; 
but. through an embedded domain Expert, are able to comprehend a much wider set 
of interactions. 

Recently, a third phase In CAI research has begun, characterized by the 
inclusion of e>cpcrtise in the tutor regarding the studenfs learning behavior and 
possible tutorial^ strategics. In the above table, this generation is referred to 
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as Learner-based CAI tu emphasize the use of AI techniques in the raodelling and 
tutorino components as well as in the Expert module. Within this context, 
Collins [1976] has investigated computational models for Socratic tutoring 
strategies. Burton and Brown [1976] in a tutoring program called WEST have 
introduced issue oriented models of the student's knowledge, rather than sinplo 
records of fight and wrong answers. Atkinson and others at the Institute for 
Mathematical Studies in the Social Sciences have examined the representation of 
domain expertise as a network in which tasks and their requisite skills aro 
represented [Barr, Beard & Atkinson 1975]. In this research, the BIP system for 
tutoring the computer langagc BASIC, a model is maintained of the student's 
faniliarity with various skills, and the next task posed to the student is done 
on the basis of which skills are currently known. 

The intuUlgtjnt instructional systems describe in these notes are examples of 
this new generation and represent an integrated investigation into ■ tutoring and 
nodelling. 
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STATEMENT OF D^. JOHN SEELY BROWN, COMPUTER SCIENCE DI- 
VISION, BOLT, BERANEK & NEWMAN, INC., CAMBRIDGE, MASS. 

Mr. Brown. Dr. Papert has spoken very powerfully about the so- 
ciological and educational implications of technology. 

What I want to talk about this morning are some paradio;ins based on 
not machines like those he described but niac'hines mayoe 10 to 100 
times more powerful than that, and that are clearly coming. A new 
paradigm ife possible with such technology. 

Mr. ScHEUER. A new what? 

Mr. Brown. Educational paradigm. 

In my laboratory and in tne laboratory of my colleague, Ira Gold- 
stein of MIT, we are focusing on_providing computers with an ability 
to"untlefstand~the^leani^ is^loTlihderstand his strengths and 

weaknesses as well as his style of learning. This enterprise, the design of 
Intelligent Instructional Systems, takes as central first, representing: 
true problem solving expertise within the computer and second, good 
diagnostic and modeling capabilities of the particular student that the 
system is engaged with. . 

Let me introduce you to three prototypes which manifest some of 
the capabilities that could be reahzcd in tomorrow's learning technol- 
opr. Ihe first prototype explores a potential transformation of tech- 
nical education through the computer acting as a consultant. The 
second explores the potential for a fundamental change in educational 
evaluation through tne computer acting as an assistant. 

The third explores the potential for a renaissance of education in 
the home, as we have heard today, through the computer acting as 
coach or a kibitizer. . . . ' 

My first example explores the dramatic impact intelligent instruc- 
tional systems can have on technical education. Training competent 
technicians to repair the everchanging number of devices and tech- 
nologies on which our society depends is an important educational goal. 
The mass dissemination of tomorrow's powerful computers makes pos- 
sible the widespread use of simulations in technical training. 

Just as flight simulators have long been important in trainino; pi- 
lots, we believe chat electronic simulations, for example, will >e 
equally basic to technical training. These simulations provide in- 
expensive and safe opportunities for stuflcnts to explore the complexi- 
ties of a device. 

The critical contribution of the intelligent instructional system is to 
monitor and critique simulated tests and repairs made bv the stu- 
dent. We have designed a prototype of such a .system called SOPHIE 
for a limited p&rt of the electronics domain. 

SOPHIE presents the user with a simulated circuit to be fixed. The 
user can make any measnrenicnts he wishes, replace any parts. 
SOPHIE observes these measurements and eniploys a deep under- 
standing of electronics to decide whether a given measurement is 
needed or a given part replacement justified. Its tutorial function is 
to discuss these observations with the novice technician. In essence, 
it is a troubleshooting consultant. The student can explore the device 
with no possibility of harm, in a private setting. 

There is another role such consultants can play. We believe citizens 
themselves can employ such computer-based consultants to reduce 
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the alienation eiij^ondcred by modern technology. It is quite enjoy- 
able to take apart a simulated TV set to see how it works. Tho em- 
bedded computer consultant can provide a guided tour of the device 
by embodying a deep theory of the domain along with a cognitives 
theory of what constitutes commonsense understanding of a piece of 

technology. • i • mTr 

While most citizens will probably never actually repair tlierr IV 
sets, they have gained a sense of command, of personal power through 
a better understanding of the devices that they employ. . . 

Our culture has grown so complex that manv feel it is beyond 
their understanding. Through the simulated world of the computer, 
with the advice and aid of an embedded consultant, a dramatic and 
beneficial improvement can occur in our imderstanding of the world^^ 
around us. 

Our second example concerns an intelligent instructional system 
capable of diagnosing the underlving cause of errors in a student's 
basic arithmetic skills. Those of you who have the paper before you 
have an example of the problems that a young student, Johnny, was 
given on a screening test. 

My first example was what can happen by having a consultant 
embedded in the computer along with the simulators so that people 
can play with a simulated system in order to get a better under- 
standing of bow and wbv it works. 

My sei^ond exiunple \Mnbodies the idea of embedding very real 
inteliigont'c into a computer and using that intelligence to dia^oso 
the underlying causes of student's problems. This provides us with a 
chance to evaluate what lias been happening inside a student's head. 
We have examples of an automatic system that can look at a student 
taking a screening test, look at all of the answers and find out 
wliatTs actually wrong in that student's understanding of the materiaL 

1 have a dramatic example. 

Mi\ S(;heukh. What do you mean bv a screening test? 

Mr: Bkown-. When vou enter fourth, fifth, or sixth grade, kids are 
given tests to assess their level of understanding:. We have an example 
where a kid got everv single problem wrong, lie failed the screening 
exam, got a verv, verv low score, and the problem was that there 
was onfv one mistake, 'one simple mistake in bis algorithm for doing 

addition. • i i • u 

Mr. SciiKrEH. There was only one thing wrong with his what.^ 
Mr. BuowN. His procedunjs and basic skills to actually perform 
arithmetic computations. There was one thing wrong It was a very 
small tiling but it permeated throughout bis whole knowledge net- 
work and caused him to get everything wrong on the exam. The prob- 
icMU was that this little bug or mistake tiiat he bad in his under- 
standing was so deep down in bis knowledge network that his teacher 
could not diagnose what was wrong. 

vSo in some sense he got scored as if everything were wrong, but in 
fact be only bad one small mistake and the results of this test did not 
help the tcaclicM- in any way figure out what was wrong with this stu- 
dent and it did not help the student at all. 

Mr. SruEUEU. The computer could identify what the teacher could 
not? 
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Mr. Brown. Yes, now it could do that by emboilyinfi: a dee]) cog- 
nitive theory of what the skills are to carry out arithmetic comi)uta- 
tions. This country' has been interested in back-to-basics, yet it seems 
very strange to me that we really don't know \v\u)i all of the tacit 
knowledge and what is al! of the underlying know^Vjge recjuired to 
actually do mathematics. We are actually using the com|)utcr system 
as an experimental device to try to build a theory of this tacit knowl- 
edge in order to see what goes mto doing mathematics. One of the by- 
products of this research is that with this kind of theory we can stej) 
Dack and use it to provide a technicjue to evaluate a i)articular stu- 
dent's behavior to hnd out what is wrong, what his underlymg mis- 
conceptions are that lead to the symptoms or the errors^on t ests. Tlie_ 
potential' for this in terms of a nationiil evaluation program couim^e 
({uite astounding. • i • 

No longer do we have to count on mechanized scoring techniques 
that just look at the right and wrong answers but wo can find out how 
many fundamental misconceptions he does have. 

Mr. ScHEUER. So examinations and tests can be used as tools in 
the teaching j)ro(x*ss rather than just measurements of the level of 
achievement. 

Mr. Brown. Right. In fact, now such a system has thrown open to 
question what is meant by a score on a test. We don't care about the 
number of right and wrong answers, but wq want to know what his 
fundamental misconceptions are. If we can identify those, the number 
of right and wrong answers he gets is not too meaningful or useful, be- 
cause now we can take ah articulation of his misconceptions and use 
that either in a computer-based system or a huniaii-based system to 
help remediate the student's underlying misconceptions. 

This is just one example of how embedding intelligence about the 
domain itself into a machine leads to (pialitative changes: Qualitative 
changes not only in the notion of evaluation, but changes in the way 
we test our own ideas. For example: What iloes it. really mean to 
understand, not understand the theory of mathematics, but under- 
stand how to do mathematics? It is very strange to me that we are 
concerned about getting back-to-hasics in mathematics without first 
knowin^^ that. We know from new math what the theory is but that 
theory Ts useless sometimes. The (piestioa is what is the knowledf^e to 
do mathematics. It is hard to get at. It is hard to build a cognitive 
theoiy of that knowledge. 

By takmg a machine and embedding that theoiy into the machine 
we have a new kind of risjorous standard to see whether we can get a 
machine to do the kind o*f problem solving activities in a way that we 
think the students should do them. It is an interesting new idea of 
how to ^-ombine a cognitive theory with a tecknological theory. 

Mr. Wem..s. In a sense, you arc driving towards conversions of the 
work in artificial intelligence, . 

Mr Brown. Yes; there are manv wavs this can have a serious and 
profound impact in even 2 or :^ years. Right now the types of theories 
we are building reside in comi)le.\ and large computers. But in fact 
these machines will soon become 10 to 100 times more i)()werful am 
also be in the home. It gives us the chance for the first time to imbed 
this kind of intelligence in the machine. 

I am sus^gesting just one wav of using intelligence in a machine. 
The secoiul way 1 want to talk about using intelligence, Which ad- 
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dresses u lot of the (luestions hrontiht u]) already today, involves 
the notion of what's really fun ahout havino; the eom|)iiter in the 
home. Having a corn|)Uter*^ in the home is fim; I can pnirantee you 
that. It's fun because there ure lots of activity bused games on the 
maehine. Some of these games in fact exercise basif: reasoning skills 
in logic, |)robabilitv, geometrv, and mathematics, basic thinking 
skills. ^ . . n 

. Kids want to |)lay these se.xy games. They get taken into them, liut 
the problem is, so what? They i)lay these games or mavbe they want to 
learn how to [)rogram the machine so they can actually do somethmg 
else with it. r • - 

But what we're really missing is what I thmk of as a cognitive 
'com|)o7reiit that its op^ )|) of tliese games— a coach or a kibitzer, a 
kind of |)ersonal'/,o(l t,*tor that can take the kid's enthusiasm about a 
particular educational game and point out to hiin at critical times 
what he's doing right or wron^ and what is educationally or intellec- 
tually significant about the |)articular situation he is currently con- 
fronting. 1 I I ' 

Very often if vou |)Ut a kid in front of a computer and liave him 
|)lay a |)rol)al)ilit.y game or anything like this, you will find he gets 
stuck j)rettv (piickly. lie zeroes in on a plateau of his skills. He 
doesn't see 'the rearchaUenge and that, in fact, the particuhir game 
situation he confronts is an illustration or instance of some abstract 
idea he has been taught in school. He has been taught abstract 
things, .hut he has seldom been jirovided with a concrete realization of 
these al>stract concepts. 

Our cognitive component or computer based consultant or coach 
sitting on top of these games can look at what he is iloing and point 
out to him. "Hey, isn't this an interesting .situation or example of 
sometliing you may have learned at such and such a time,'' giving 
him his own personal ex|)erience and a (^ncrete example of impor- 
tant material. This provides an activity-based hands-on-learning 
environment which we think has some very profound im|)hcations 
which can shift education from the school to the home. 

It gets around the problem that learning in the home must be 
textbook tvpe instruction. We can use this cognitive component 
in the home to get the student to do something, a hands-on experi- 
ence, and then step l)ack and point out what is significant or how he 
has t'otten locked into a suboptimal rut while, say, solving some 
probfem — homework or whatever. 

Mr. SwANsoN. Vwn you 'g»^*^' example of the type of game or 

tvpe of advice the machine might provide? 

Mr. BuowN. Yes; we have two or three games now running on our 
computer-based svstcms that have this type cognitive components 
on them. One of tliciii which you might have seen last week when Dr. 
Bitzer was talkinj: is the classic game of ''How the West Was Won' 
which exercises wasic arithmeti<- skills. You have a game board in which 
vou arc trving to beat the com[)uter getting from here to there by 
making arithinetic expressions out of a set of numbers. Did Dr. 
Bit/.er show if to you*' 

Mr. SwANsux. I have seen it. , , r n 

Mr. Bkown. That's a fun game. However, if you look caretully 
at' what is ha|)peninir, students get almost nothing out of it because 
thev have loctked in on only one rote way of inlaying that game. Ihey 
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don't exercist*. tho nottMitinl of that enviroiiineiit. We luive iictuiilly 
built an autoniat<»(l laboratory instructor or coach to monitor that 
game. This system, called WEST, is now being tried out at one of the 
school systems in Cambridge. It watches over the kid as he is play- 
ing and can automatically ligure out what his strengths and weak- 
nesses are. It can then choose appropriate moments in wluch to 
break in and point out something to him: Wlu' he has gotten locked 
into a suboptimal strategy or wliy he is constantly losing games — 
expand his horizon but in a context that matters to him. 

^Ir. Sw.vNSON. It seems to me you are saying that the kibitzer 
exohiins to the student how he learned to play the game and he can 
reflect on how he is learning to learn? 

Mr. Brown. Yes, it could. 

Mr. SwANSoN. What are the implications of that? Is that a subject 
that is normally covered in schools today? 

Mr. Browx. It is vers' clear that it is .missed, because in some 
sense we don't even have the appropriate cognitive theories of how 
to understand undei^tanding. Those theories are what these machines 
really have to embody tus well as deep tutoring theories. 

Let me give you a simple example of the latter. I give you a really 
neat game and let you play with it on the system. Now suppose that 
every time you did something wrong, a coach or kibitzer threw its 
fist down and started hassling you, saying that move was dumb, 
and why did you do that, and here's how you should have done it — 
the sociology of that learning environment is hostile. The problem 
in building ariMntelligent instructional system is to develop a good 
enough cognitive theory to figure out what's going wrong in the 
kid's head, and to develop a cognitive theory of what comprises 
good personal tutoring, so that this coac^h or kibitzer comes in only 
when it sees a critical moment to provide tutoring. 

If the coach comes in all the time, the kid will either punch out the 
computer terminal or get up and walk away saying, *'You spoiled 
my fun game and 1 don't want to play it any more." When that 
happens you have really lost a gootl educational opportunity. 

()n the other hand, if yon let a kid work in a basically open ended 
environment and you never can criti(jue what he's doing, you lose a 
great deal of tho real educational opportunity inherent in. that en- 
vironment. What we are trying to do is to provide good personal 
tutoring on top of a fun, open ended game situation, letting the student 
^oi .something educationally significant out at the same time he's 
having some personal, hands-on experience. 

This thrust to intelligent instructional .systems is one of the types of 
evolutions that we see will be made po.ssible by tapping the almo.'-t 
incredible capabilities of tomorrow's technology. It will bring about a 
(jualitiativ(^ly new kind t)f letirning environment, a learning environ- 
ment that Dr. Papcrt was talking about earlier, that we think may be 
ideally suited for people who have alrea(iy droppt^l out of school be- 
cause this environment is basically ()n(* of learning by doing. 

F think that such syst(Mns will Ix^ possibh* in the next 5 years, but to 
make that happen, wc have to rc^alize that t(H'hnology by it.self is not 
sufficient. It is all too comnion to henr people in educational tech- 
nology talk about technology. Th(\\' say by god if 1 had a machine 10 
times more powerful. I could <lo wond(Tful things. Well, by and large, 
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that's not true. I think people in the educational technology overlook 
the most difficult issue: Developing the cognitive science necessary to 
understand how to exploit that technology. 

Unless we have good theories as to what comprises understandmg or 
tutoring or learning, we won't be able to make much of an advance 
over the limited kinds of deployment of technology that we see today. 
In terms of major new research projects, the issue is not technology 
per be but more a question of adding what I call a cognitive component, 
a cognitive understanding or a psychological theory about how to use 
the capabilities that are going to be offered to us by tomorrows 
technology. , , . c i j .1 . • 

Mr. Wells. I would like to suggest that we don't have a held that is 
barren of information or theoretical work in this area. I recall as long 
as a decade ago that Jerome Bruner at Harvard was doing a great deal 
of work in cognitive psychology dealing with 5-, 6-, and 7-year-olds 
and successfully developing the means to teach themNfather advanced 
concepts in physics without ever using the terminology. These kids 
were understanding very advanced concepts and it seems to me there 
is a lot of knowledge that somehow has to be linked with the types of 
things you are talking about. What's going on here. - 

Mr. *Browk. I couldn't agree with you more. Dr. Bruner and Dr. 
Papert have made profound contributions to this effort, but it is ]ust 
scratching a very complex surface. 

Let me give you two examples of areas that haven t been explored. 
A kid has been working on a problem. He gets stuck and so he takes 
to the tutor his partial solution, and now the tutor has to give him 
some advice or some hints. Have you seen anywhere a formal theory 
of how one goes about giving hints, of how one can look at what a 
kid has done already ami figure out how he has attempted to solve 
that problem, what is wrong with his plan and how to suggest revismg 
it? This issue must be tackled to bring into being the kind of personal 
computing I am talking about. . r u ^ 

The second example: I a:", perplexed by the question of what it 
means to understand a basic skill, say a basic skill in mathematics. 
I can learn the subtraction algorithm or the long division algorithm, 
but what doe.s it mean to understand how to add fractions in aiiy way 
other than the rote procedure I have memorized? What does it mean 
to understand fractions in such a way that the concepts are hung on 
some kind of a framework that is useful and makes sen.se. We really 
don't understand that very well. 1 . r 

Mr Wells. Rather than just a long chain of discrete steps. 
Mr. Brown. Yes. Another example can be found in the area ot 
readincr comprehension. It i^s ver\' strange, but we are just now begm- 
ning to realize that for years we have been designing tests for reading 
comprehension without any good theory of what comprises compre- 
hension. How the hell can we test comprehension if we don t know 
what comprehension means and if we don't know the skiUs of com- 
prehension as opposed to the .skills of decoding words into sentences ^ 
What is this magic ])roccss that enables us to devise a meaning for 
a paragraph? We inust understand that if we want to be able to de- 
sign meaningful diagnostic tests. . wu • 

Mr SwANsoN. I think ever>-body has amply documented the im- 
portance of research in this area. I was wondering if you could give 
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us some corniuonts on the lino of what you would like to sec come o\it 
of these hearings, especially in terms of alteration of Federal policy. 

Mr. Brown. 1 think Dr. Papcrt answered that ([ucstion m a way 
perhaps better than I can, I believe that some major centers of excel- 
lence have to ho established that have the critical mass phenomenon 
of bringing together cogiiitive scientists, educators, computer scien- 
tists, and technologists into one setting in which some kind of syner- 
gism' can be brought about whore each of us can help the other 
understand what new paradigms are needed and how to make use 
of them. . , . , 

I think that has to happen. I think we have to seriously consider 
the problem of critical mass. 

Mr. SwANSON. Is there a scarce resource not in terms oi avaialble 
Federal funds but in terms cf peoi)lc who can do this kind of work? 

Mr. Brown. Of course, well-trained people am a scarce resource. 
But one of the purposes of such a center is to i)i-ovide ii ])lace to train 
graduate students and a new generation of scholars and scientists who 
really understand the issues and paradigms wo are talking about. 
When 1, a com])Uler scientist and somewhat of a cognitive scientist, 
talk to other computer scientists, they often think I'm crazy when J. 
talk about cognitive scieucejssues. They don't understand why these 
issues are reh^vant. For exami)le, use any computer system toduy and 
you realize it has to be designed by an idiot in terms of its friendlmess 

or ease of use. - u r 

That is an issue that has not been raised in any serious wuy belore. 
It's absolutely imperative that wt- start understanding what it means 
to make a computer system friendly. • ^ 

Mr. ScuEUER. What do vou mean friendly? i ou mean to sort ol 
eliminate the deadly hand of that tulversary feeling that the kid gets 
when he walks into' the elementary school? 

Mr. Brown. You walk over here— I don't know this particular 
svstem, but I would imagine that if you sat down and started trying 
to program it— if I tried to program it --we would find horrible tilings 
happening, asinine^ comments coming back to \is. That kind ol un- 
* friendliness is something we don't have to tolerate today. .How can 
we get around it? . 

1 think an issue that will bo brought up later is tiu: whole ([uestion 
of ('om[)uter literacv - what does it mean to I'eel coulortable using 
computer technology. I happen to work with secretaries who are 
re(iuirod to use* coi'nplex compiiler-l)ase{i systems — uiore than just 
word processing systems— filing systems aiul electronic mail, and so 

^"i worr^• about training these peoplo because iliey have? to be able 
to understand. ()n(^ ()f the things I have found out is that hall ol the 
peopU' wo trv to train collapso into a twitching heap alter about the 
first month. Thev can't take it. And they hate it. 

The problem, as we have diagnosed it. is thai they don t have enough 
of a common sense understanding of that piece of technology that they 
can't begin to envision wlmt is haj)pening well enough to he able to 
feel comfortable using it. 

Mr. ScuEUER. You are terrific. 

Thank you very, very much. 
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The last witnesH is Dr. Artluir-Luehrmann of the Lawrence Hall of 
Science, University of California at Berkeley. 

[The prepared statement and a biofi:raphical .sketch of Dr. Luehr- 
mann follows:] 

Prepared Statement on Research, Development and Planning for Com- 
puters AND the Learning Society ry.Ur. Arthur W. Luehrmann, As- 
sociate Director, Lawrence !Iall of Science, University of Californi.y 
Berkeley, .California 

This statement in intended for the October 12, 1977 hearings of the U.S. 
House of Representatives Science and Technology Subcommittee on Domestic 
and International Scientific Planning, Analysis and Cooperation, which is con- 
ducting u four-day oversight review of "Computers and the Learning Society." 

INTRODUCTION 

The bare bones of my testimony today can be i)ut in live sentence.s. I will first 
enumerate thos(» seritorices. Thou I will' amplify each one and attempt to con- 
vince you that it is factually accurate. I-'inally. I ^vill point out the research, 
development, and planning imj^lications that follow from these facts. Here are the 
st'UtementH. 

1. The United States is the worUl leader in maruifacturing microelectronic 
hardware. 

2. That technology makes it possible today to deliver i)0werful personal com- 
puters to millions of individuals. 

3. The biggest single impediment to the further growth of this industry is the 
fact that th(» vast majf)rity of Americans are uneducated in the use of a computer. 

4. To carry out the educational task ahead will requin; a substantial invest- 
ment in research, development, i)larunng, and delivery, 

f). The jjrivate sc^ctor is not organiz(!d to make signilicant investments in the 
erlucation of the i)ublic. 

WHAT is "EDL*CATIf)N IN COMPUTER USE^'? 

The key idea in these stateriieuts is contained in the phrase "education in 
comi)Uter use." Before going on, I want to clarify what I mean by it and to 
disitinguish my concerns clearly from the coneerns* of the witnesses who appeared 
here during the first two days of these hearings. They were concerned mainly 
with the form of education. I will be emphasizing the contents. 

They focussed during the first day on comjiiiter management of instructional 
resources and, the second day, on corni>ater. delivery of instruction. In both 
ca.ses the instruction thus managed and thus delivered was in traditional subjects, 
such as reading and mathematics. Their focus, therefore, was on the computer 
as a medium on instruction. My focus today will be on the computer as an 
object of instruction— not i\ thing to be taught with, but a thing to be taught 
about. Not a means, but an end. 

Proper questions for the Subeommittee to ask about th(^ conii)Uter as :i medium 
of instruction are f H whether it is better^^ind (2) whether it is cheaper than 
conventional wavs of managing and delivering instruction. But the appropriate 
questions to ask'about the computer as an object of study are quite different — 
(1) Is it more important to learn to u.^e a computer than to learn subjects now 
being taught? (2) Can computer use be taught effectively to a broad spectrum 
of students? Negative answers to one set of (piestions must not prejmlice the 
answers to thv. other set. The cost (Mfectivene.^s of a CAI math course tells us 
nothing about whether children can or .should be taught to write computer 
programs. 

I am not quarrelling with CAI or CMI; both will improve instruction in 
traditional .subjects. Mv point here today is that neither CAI nor CMI will teach 
people to u.se the i)owerful personal computers which American technology ia 
now capable of delivering to our citizenry. While it is true that a person taking 
a CAI le.sson will learn rudimentary typing skills and rules about interacting 
. with a computer, he or .she will not learn how to write intere.sting computer 
programs, or how to structure a problem for cornjiuter solutions or how to evaluate 
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other people's progrumH. When I use the phrase "education in computer use," 
I am referring to the flev<;lopinent of these hitler skills and abilities — program- 
ming, structural thinking, and critical evaluation of computer applications. It 
is these skills that are presently lacking in the public and are needed if the public 
is to benefit from the personal computer. 



Now I want to return to those five bare bone.^ of my testimony and to flesh 
them out. , ' 

1. "The United States is the world leader in n)anufacturing microelectronic 
hardware." Basic research in* solid state i)hysic.i in the lOoOs led to the invention 
of the transistor at Bell Laboratories. Since that time the U.S. has led the world 
in the technolog>' of miniaturizing electronic circuits on silicon crystals; A 1977 
study by Arthur D. Little, Inc. forecas'ts a $4 billion U.S. microelectronic industry 
in 1980, growing to $10 billion in 1985. This growth is occurring at a time when 
other "native industries," such as aut<>i' »bile manufacture, are losing ground 
against world competition. 

2. "Microelectronic technology make- i possible today/ to deliver i)owerful 
personal computers to millions of indiviiiuals." Already. two companies with 
national distribution are marketing $000 personal comj^uters complete with TV 
screens, keyboards, and magnetic tape unit for recording programs and data. 
These are the Tandy TRS-80, marketed through Radio Shack, and the Conimo- 
dore P.E.T., marketed by independent stores. Viistly more i)owerful machines, 
now available for several thousand dollars, are expected to follow the steep cost- 
decline curve well known in the microelectronic field. In a few years they too will 
be about costly as a color TV set. Texas Instruments, Timox, and Sears are re- 
ported to !>c entering the field. Time magazine (September 5, 1977) reports a- 
Dallas microcomputer retailer as saying, "Some day soon every home will have a 
computer. It will be as standard as a toilet." 

3. "The biggest single impediment to the further gro\yth of this industry is the 
fact that the vast majority of Americans are uneducated in the use of a computer." 
The technology, in short, is far ahead of our ability to make use of it. The same 
Time article points out that "even though prices have dropped, microcomputers 
remain complicate ddevices that require long hours of study to use- properly." 

There is a stWking analogy between the situation today with regard to computers 
and the situation in Germany in 1492 when Am Gutenberg printing press was 
developed. A new technology had vastly requced the cost of delivering books 
directly to masses of people. The peojjle, however, were illiterate. To them the 
book was also a "complicated device that requires long hours of study to use 
properly." Computer technology today is entering a world populated by computer 
illiterates — those who have not yet learned to use a computer. Our Dallas dealer, 
therefore, should restrain his enthusiasm. Most of us have already mastered the 
flush toilet. Not so, ,the computer. , 

4. "To carry out the educational task ahead will require a substantial invest- 
ment in research, development, planning and delivery." Preliminary R&D proj- 
ects, such as the ones reported on today by Drs. Kay, Papert, and Brown, give 
strong evidence that a knowledge of computer usct can be a powerful aid to the 
intellectual development of children. My twelve-year experience at Dartnriouth 
College and now at the Lawrence? Hall of Science convinces me that many ff not 
most people enjoy learning to use a computer and that they succeed at it. More 
important, I have observed that a student who is able to structure a problem for 
solution by computer nearly always has a better understanding of Ihe problem than 
he or she got from a purely verbal or purely mathematical description. In a very 
real sense, there is an intellectual dimension to computer problem solving. Some 
research projects reports that computer users develop what amounts to a new- 
language for expressing their ideas. I will not elaborate this point because the 
testimony you have already heard today has 'dealt almost exclusively with research 
into the educational value of learning to use a computer. 

A great deal of additional work needs to be done before mass computer literacy 
is achieved, however. Several fundamental research questions need to be answered. 
For example, what sorts of logical structures should be contained in the computer 
languages we teach? What grade level is best for classroom instruction in computer 
use? How should emphasis be balanced between teaching the grammatical rule 
of programming and teaching meaningful problem solving by computer? 
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While that research is in progress, several pilot courses in computer use need 
to he developed, tested, evaluated, and improved. Teachers need to bo trained, 
or retrained, to conduct the courses. , 

As computer courses become viable and arc recognized as valuable additions 
to the curriculum, the schools must engage in planning activities. The .schools 
must find ways and means of introducing the new courses, and of .supporting their 
continuing costs in the future. 

If these research, development, and planning activities do not occur, then the 
majority of the public will remain illiterate in computer use. Furthermore, those 
who do become skilled users are likely to come from affluent families who can afford 
a home computer and ean teach themselves to use it. 

The analogy with books comes to mind again. The peoples who benefitted most 
from the printing press were thi^sc who were already educationally advantaged. 
Mass literacy, was not achieved until public education entered the scene and de- 
veloped a rending and writing curriculum for everyone. 

5. "The private s(?etor is not organized to make significant investnvmts in the 
. ducation of the pubUc." While it is true that manufacturers of per>v)nal com- 
puters have much to gain from nuiss computer literacy, it does riot follow that 
they will invest in education. This is true because the individual manufacturer 
would thereby benefit its competitor as much as itself. The analogy with books 
comes to mind again. Whv doesn't the Random Ilousci publishing company invest 
in teaching people to read^ Because the people might well go out and read iScribners 
and Doubleday books. And so leading is taught in schools. For the same reason, 
computJT use must be taught in schools. 



In suni'marv, then, it st-ems clear to me that we have both good news and bad 
nrws about personal ct)mputing. The good news is that U.S. technology is ready 
today to deliver powerful personal computers to our citizenry. The bad news 
is that our citizenrv is illiterate in thr use of conipuHTs. Unless the public is ed- 
\icated in computer use, two bad tilings will happen: (1) a leading U.S. industry 
will be denied a mass markets, and (2) the public will b<' denied the personal and 
occupational benefits of knowing how to use a computer. 

K K C O M M K N D A T I O N .S 

1. Mass computer literacy should be identified as a goal of our educational 
system. 

* 2. Although the ongoing costs of such an educational program must be borne 
by the states and the local schools, federal funds are needed for research and 
di'velo])ment activities required to initiate the program. 

;i. Among the topics for which research funds are needed arc these: 

(a) The role i>f ct)mputer educatic.n in the cognitive development of children. 

(6) Tvpes of logical structures needed in the computer languages which are to 
be taught. . . 

(c) The role of computer graphics in improving communication between man 
and machine. r - i 

id) The age level at which computer u.se can be taught most elJectively. 

(e) A set of performance objectivf-s and corresponding achievement tests for 
education in computer use. 

4. Funds are required to develop, test, and improve several model courses in 
c<mmuter use. The usual arguments against national curriculum development are 
inoperative here. If federal funds are not available for curriculum developments 
in coipputer •■ducation, then th» re will be no curriculum in that subject. That is 
obviously not the case for existing subjects such ms chemistry and biology. Tho 
stigma (if a federally imposed computer curriculum can and should be avoided, 
how'-ver, by supporting several indept'ud<mt developnu'iit jjrojects. Local schools 
wou!.; then have a range of choices. 

BlOOKAl*HlC.\I. SkKTCH 

OK. AKTHUK W. MJKHK.VIANN, ASSOCJaTK IHKK( 'l oK, LAWUKNCK }IALL OF SCIKNCK, 
IWIVKKSITV OK rAMFOKSiA, HKKKKLKY, CAMFOKSiA 

Dr. Luehrmann was born in New Orleans in 1931, received his AB and PhD 
degrees in physics at the University of Chicago, and joined the Physics Depart- 
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nicnt fiirulty t»f Dnrtintnitli Collet" in \{H\'). His f^rowin^ interest in cornpiiters 
and (•(liication U-d in i:)71 to :i j<iinl :ip[)()iiitni('nt in the Kiewit ConiiMitiition 
Center at Dartniouth, where he was A>sistant Director for Ivhiration. During; 
the years 1908-1977 he directed several edncationAl computing jjrojects funded 
\)y NSK and Kxxon Education Foundation. In .^u^!;!!.^, 1977, lie lieeame Associate 
nin ctor of the Lawrence Hall i>f Science, I'luversity of California, Berkeley, 
where lie is now in charge of computer operations and eihication. He is experienced 
in many asjjects oi educati()nal computinKp having written CM lessons in physics, 
ji C()mpiiteriz( d njan-igement system for self-paced instruction, and text materials 
incorporating compiii -r programming. Dr. I.iiehrmami has published numerous 
articles and delivered "papers here and aiiroatl on educational ronip\iter use, 
computer graphics, and thf principle of free stinlent access to univer.>^ity cominiters. 
IHs militarv service in 19')"-?-r)4 was spent in the I'.S. .\rniy, most of tlie time in 
the Canal 2onc. 

STATEMENT OP DR. AKTHTTR LUEHRMANN, LAWRENCE HALL OF 
SCIENCE. UNIVERSITY OF CALIFORNIA, BERKELEY, CALIF, 

Mr. ScHEUKU. What is the Lawrence Hall of Science. 

Mr, LrKiiKMANX. The Lnwrence Ilnll of Science is n unit of tlie 
University of California at Berkeley. It is a science center, s(Jinethm«j: 
between a science ruuseuin ami a research center on inforinal learnine: 
in science. It conducts research projects as well as ollerin^j: exhibits 
for ()eo|)le coming to the hall to enjoy and hopefully learn a little bit 
about science. The liall ha> i)i()neered in cducatinj^ a l)roa(l public — 
about 170, (MM) visitors |>er year ir) the use of computers. 

First of all, 1 would like'to thank you for invitin^; me here. This is 
a very imnortant hearint: and I hope that i^ood thin^^s eome out of it. 
\ expect they will. 

Mr. SciiKi-Ku. From our point of view it has been extraordinarily 
j)ro(hu'tive ii^id stiinulatini:. I want to reiterate my thaid-cs to the 
[)recedint^^ witnesses. It has been a marvelous mornin^^ So please 
[)rocee(l. 

Mr. LrKUicMAXX. I will summari/.e my jjoint of view very briefly 
and speml most cf my time respondin^^ [a ([uestions. 1 thiId^ that 
would be more u.-eful to you than |)re>entint; a formal jxisition at this 
point . 

The entire p()int I want to make can be put into live statements 
ni}i\ that is the only j)art of my prepared statement 1 will read. It is 
([uite concise. 

After 1 make those statements, 1 would like to reinforce what has 
been <4{)inK on here today and di-tint;uish shari)lv betv.M'cn the kind of 
c(>mj)Uter use that is envisioned here and the kind you heard about 
"(lurinn; the first 2 days of testimony before this subcommittee. 

The statements are these: 

First, the Tnited States is the world leader in mamifact urin«r 
micrtfelectronic hardware. No. other country has come clos(; to the 
advaiice state of our technnloj^^y. 

Second, that technolo^^y makes it possible ri^dit now to deliver 
p(Averful j>er>(inal romptiteis to nullion> of individuals. You see on 
the table at my left an e\am|)le of a maebine that |)eop!e can ad'ord 
to(biy. 

The third point is that the bi^^«ie>t sin^de im})ediment to the further 
growth of this industry is the fart that the vast maj{)rity of .\inericjuis 
arc mieducated in making u>e of the computer. They ju^t don't k/iow 
how. 
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The fourth point is that'iii order to carrj' out the educational tn^k 
ahead, it will require substantial investment of funds into research 
and development and planning and, finally, delivery. 

The fiflh point is crucial. The private ^sector simply is not organized 
to make significant investment? m the education oT the public on such 

a broad scale. i • i i_- 

Mr. ScHEUEH. What population groups do you thuik this computer 
era will be most useful tor? I.s there anything: in it for the elderly who 
are homebound with the television set as their only companion, or is 
it teaching kids, or will it be of use to people in their middle years, the 
parents^ cf growing families, in their producing years, or is it all of 
these? 

Mr. LuEHHM.WN. The answer is yes all of these. Computer use in 
ray judgment, is a basic skill. All can profit from it. There is a separate 
question, and that is, "How do we bring about that state where 
ever^'one can use the ccmputer?'| 

If we were talking abou-: an ongoing educational program, the best 
place to begin is with young peopie. But the computer is new on the 
scene. What about all the people who don't know how to use it and who 
are no longer in grade school or secondary school? How will they learn? 
And, indeed, 1 can imagine senior citizen centers having a computer 
facility and learning tO'U.se tlie computer for good purposes. 

Mr. ScHEUH. How about' for the elderly, the elderly homebound 
with their television set in the corner? Presumably, the computer md 
be an integral part of that television set. 

Mr. LuEHUM.vNX. I believe that is true. ^ 

Mr. ScHEUEH. What does this hold for improvement in the lives 
of the elderly, this whole computer area? 

Mr. LuEHRMANN'. When one interacts with a computer one is 
interacting with 'intelligence, one is forced to communicate what one 
wants to do to the computer. And the very ])rocess of communication 
is something that people find interesting to do. It is an intellectual 
skill I don't mean that it is onlv for intellectuals. It is a basic skill, 
and people who do it find it satisfying personally. There is personal 
satistaction in communicating with a comimter. . 

Mr ScHEUEu. .Vnd the prior witness talked about people perceiving 
of the computer as a friend. And there is sort of a friendly relationship 
there ^ 

Mr. Li;ehum.\nn. They perceive it to be a friend if they feel they 
are in control of the situation, nnd they perceive it to, be an enemy 
if they feel like they are the subject. 

Mr. ScHEUER. Is this skill of relating to that computer and sort 
of manipulating it something that kids can grab onto almost imme- 
diatelv like a new language, as the professor said, but that which 
elderly peo])le hi their sixties and above have, difliculty being com- 
fortable with? ' , • 1 

Mr.' LuEHRMANN. It (Icponds a great deal on the sociological settingj 
Kifls are able to make mistakes in public without feeling too bad 
about it Older people have trouble making mistakes in public. And 
typicallv, computers have been located in visible, public areas. People 
have not had them at home. When that ha|;i>?us, I think everyone 
will learn to use computers comfortably without feelhig threatened. 
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Mr. SciiKUEU. Kxciisc id*' for intorruj)tiii<^, hut wo luivc a rollr.all 
vote on, and I will Inivo to leavi* aftor the luwt h(»lls which is nhont 
o or f) minutes. So I did takf the occasion of j^ctiin^ sonu^ of my 
(juestions answered. After ] leave, my colleatrues here will ask you 
some of the (puv^tions we ha^•e |)n^i)ai*eil. I did want to tak(» the oppor- 
tunity of a.skin<^ some* of tho.se (piestions. l*l(»ase forsxiv<' me if 1 have 
to leav(» shortly. I apoloj^ize, and we have thoj'ouf^hly enjoyed your 
testimony. 

Mr. LuKHUMANN. I referred earlier to an important distinction 
that I want you to keej) in mind. \Vitnes>es last we(»k told about usin<: 
the eomputer to teach some subject nuitter (('.VI) or to manage the 
instnurtional |)ro<^rHni of a school district (CMI). 1 want you to keep 
that in mind as just one j)()ssibh* uppHcation of a computer. In that 
role, the comput(»r nuiy or ma\' not be a ei^st-cfTect'n'e solution to 
the rilucational prublerns that the country faces. But on the other 
hand, I want you to keep in mind that a kid can hi' taught to us(^ the 
computer, and that the process of usinij; the comj)Uter is dilTerent 
for the kid than *th(» pnx-ess of beinj^ tauj^ht by the computer. It 
seems to ru(^ tiiat it is thi> sec-ond activity, the ti'achinj^ of the kid 
to use trie computer, whiidi is at issue today. That is wluit tiu* witnes;rt>s 
here hav(» stri*ss(Ml today. 'I hen* is sornetliini; imjx^rtant about people 
learnin<^ how to interact with nniciiiru's. That is the point here. It 
may 1m* that tlu' pro^^rams are etl'iictive, and it nniv be that they 
ai'(* beiiefh ial or they may n(;t be. But thai has nothing to do with the 
(piestiou of wiiether or not it is a j^ood idea for people todi*arn to use 
computers. 

■Sow, what do I m(*an by ^'arnini: to use a comi)Uter? What I want, 
and what the otiiei' speakers to(hiy stn'>sed, is for people to be able 
not inei-ely to learn a j)ro^n*Mnun|^ lan*i;uat^e. That is an 0(U'Upational 
skill with certain l>enetit.<. The important ihinix, howi*ver, is to learn 
to striictuie their thinkiufx so that it can be communicated to a com- 
[)Uter; .-structure a problem in such a way lhat it can be j)resented to 
a comj>utfM' for a solution. 

Now, that [>rocess of thinkiiiix throujzb a pn)l)lcm in an abstract 
way and represcntin;^ it very concretely by writinjj; it down as a coni- 
puter j)ro<zrani, that procc>s lias an intelh'ctiud tlinu'nsion that is 
terribly imp{>rtant. It jxivcs the person an{»ther hmjj:ua^e for repre- 
sentiujj; pi*ohh*ms, another way of thinkinjz about pi'oblems. 

What tools does a person usually u.^e to think al)()nt t\ prol)l(»in? 
There are just a few— lf)}xic, nuithematics, mitural lam^tui^^e (Eufxlish 
in this country). One writes wortls about a pi-oblem. One inay be able 
to expicss a problem as a set of mat h(*nuit ical e(iuatif)ns. One cer- 
tainly usi'> U)<iu\ \ computci' proi^ram is yet another way of repre- 
sent ini^ one's imcl(Mstandintr of a problem. Om* can write tlie problem 
down as a siM of profcdures- *ro throtij^b this proci'ss and i-(»peat it 
sonu' number of times; thcu jIo this prr)ce>s; then test to see if a 
certain variable has reached a certain value. If so, j^o do this. If not; 
do that. 

It's a different kind of way of describinjz a problem. .Vnd the person, 
who. h:LS- anot her wny of de^< ribinjx a problem has anotbei' way of 
thinkinir abofit it. It i> "thinkiuir dimension" which is so impor- 
tant to stress here. The reason we want to teach people to use the 
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computers is becauso it will make them think better. At least, that's 
what we believe. Not eiiough research has been done to prove that 
point absolutely. But there is clear evidence from the few research 
projects that have gone on with real students that such is the case. 

There is an analogy that I stress in my prepared statement and I 
would like to repeat it here. It is the anulogy between the current 
state of development of computer technoloev and the situation of 
when the printing press was first created. When the printing press 
was first developed most people were illiterute. Reading a book must 
have seemed terribly complex and learning to read must have seemed 
an enormously expensive task for society to undertake. In fact, 
society did not undertake it. The chief beneficiaries of the printing 
press were people who were already affluent and literate and already 
powerful. Ihe case may be the same with computing. If there is not 
a public program to instruct people in the use of computers and 
computing — the intelligent use of computers and computing — then 
the people who can afford to buy machines like that one on the table 
are peo|)le who have incomes , for which such an expenditure may 
seem small. They will have had .solid educational backgrounds that 
encourage them to go and leam these new skills, and they will be 
thereby further advantaged over the people who do not go out and 
buy these machines and do not go out and spend the time it will 
take to in.struct themselves in the intelligent use of computers. 

So I believe that if no public program exists to teach people to use 
computers-, tlu-n there will hv private progrnins. But they will be 
socially distorted programs, and the public at large will not learn the 
basic skill. A few members of the-public will learn something of value to 
themselves. 

' Dr. -^^WANsoN. It is my undcrstiuuling that some of the remarks of 
Dr. Brown implied that in fact we couhl create a computer coach that 
could train the person almost from ground zero to program his own 
personal computer. Is it not possible to conceive of a cassette to plug 
mto your home computer that would take you from an initial starting 
point to becoming a fairly sophist icii ted programer so that this teach- 
ing process of computer programing could l)e decentralized into the 
person^s home and there would be no real need to have this done in a 
school location. 

Mr. LuEHKM.'WN'. That is an interesting cpiestion. Can computer 
education go on inde|)endently of the stdiool system? It can be ap- 
proached as a resarch (piestion and it sluiuld be. We should find out 
what can be dune in centers other than schools to teach various topics, 
including the use of computers. 

However, I don't think we should write off the schools themselves. 
The schools have been effective over the past centuries in making the 
public literate. Certainly there are failings and one wishes* the public 
were more literate than it is. There*s no (luestion about that. 

On the other hand, most of us went through schools and most people 
can read a Uf^wspaper, or they could a few years ago anyway. I be- 
lieve that the schools are stilTa vehicle worth drying. How do you do 
that? 

• Well, you have to actually put somethirtg iiilo.tii ' curriculum called 
''computing.'* 
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Dr. SwANsoN. Won't, stiulonts actually learn how to prop^rani the 
connputer as they go through {lu\ typo of , training routine advocated 
by Dr. Papert? ' 

Mr. LuEHR.MAXN. Let mc clear that up. I was not trying to distin- 
guish my te.stimony from Professor Papert^s. I was trying to distin- 
guish my testimony today from that which wont on last week, 'hicli 
describecl cla.ssical CIA and CMI. CAI and CMI are applications, of 
technology to teaching English and teaching math, not to teaching 
computing itself. 

What we have been talking about here today has been teaching 
people to use computers for their own i)urposes. 

Dr. SwAKsox. So you use the broad term (computer literacy to cover 
everything we have talked about today? 

Mr, LuEHRMA.NN. Ycs; that's the point. 

Dr. SwANsoN. Could you provide us a general description of the 
kind of structural mechanism that is required to teach computer 
literacy as well as some of the diflerent institutions that would carry 
that out and the kinds of costs that might be associated with such a 
program? ' 

Mr. TjUEHUMANN. Yes; I will answer that, but bear in mind that I 
answer it primarily so that we may have something specific to talk 
about and not because I am totally wedded to the model I propose 
here. In fact, my strongest recommendation is that \\'l\at is needed is 
more funds to sup|)ort the development of alternative models for 
teaching computer literacy. I have no question but that a goal of our 
educational system should be to teach computer literacy to all people. 
That ought to be adopted as a national goal. The means of achieving 
that goal are debatable. Whether computer education should go on in 
the home, or schools, or by television, or by using j)ul)lic centers is not 
clear at all, and there should be oi)i)ortimities to try out many different 
methods. 

But I will pro|)ose one particular wav, a recognizable structure, in 
which computer literacy .might be taught.- Imagine a iialf year course 
at the ninth-grade level. 1 don't think we know yet whether the 9th- 
grade level is proper or the 'Vrd-gradc level or the lOth-grade level. 
I can see some advantages of inserting such a c.ourse in the ninth-grade 
level because there are curricular inade([uacies at that level at the 
present time. 

But let me pass on. Suppose it were a ninth-grade. course and sup- 
pose it took half a year to teach. The content would be determined by 
the objective of teaching kids to solve problems by computer. One 
would nave to teach some rules for |)rograming, the grammar of com- 
puting, so to speak. But grammar itself is not very interesting. I 
Know what a subject is, and a verb, and an object, and so 1 can make a 
sentence; but that doesn't mean tliat I can say anything meaningful. 
So the rules for* programing are a minimal requirement and not 
intrinsically interesting — merely a means. 

The student would learn a protocol for interacting with the com- 
j>uter: Who types, when, and what does the computer .say, and how do 
I end my communication with tho. computer? That is rather trivial 
but essetUial infornnition. liut most important, the course would 
contain sets of interesting problems that wore a|)|)ropriate for t^olu- 
tion by computers, starting with small problems that are well defined 
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ami concise and ending' iij) with somewhat larger ones that put the 
pieces together into more mteresti'ng ])roblcms. 

A simple task might be the following: Given a list of words, how do 
you sort them into alphabetical order? This is a nonnumeric task, 
which is nice because it doesn't look like numbers and people afraid 
of math would not be scared ofT. The teacher could talk about strate- 
gies for putting words in order and then about strategies for finding 
words once they are in order. The point is not to learn to do those 
things in particular, but to learn how to communicate that problem 
to a computer so that the comjmter can be a tool, a magnifier of one*s 

own skills. i i i_ • i 

So the course would have that kind of content. It would be aimed at 
problem solving, using ])roblems that students understand and learn- 
ing how to express those problems in the language that the computer 
will be able to understand. • i i 

That is the kind of course I have in mind. It could be introduced 
into every high school in the country ri^ht now. Bear in mind that it 
i.^ a half-year course out of a 4-year high school curriculum, which 
consists of about 40 half-year courses. So we are talking about no 
more than a 3 percent change in the high school curriculum to intro- 
duce such a course'. I would consider that a minimal first step toward 
computer literacy! As time went on. one would want to see how 
computer uses could be inserted in traditional courses like mathe- 
matics and sciences and language. But as a baseline, in order to insure 
II standard competency in computer usage, one might be able to get 
away with a half-year , course at that level. 

What would it cost? Here's one way to say it. It would cost quite 
a bit less than having a library in secondary schools. The equipment 
and teacher costs would be less than the staff costs and the purchase 
costs associated with a library. I arrive at a figure of about 50 percent 
of the cost of having libraries in secondary schools is what it would 
cost to provide ba.sic computer literacy education of this type within 
the school setting. Now I should point out that of that amount more 
than half is staff cost. Les.^ than half is equipment cost. But the staff 
used for the computer courses should come from the present teaching 
staff. That should not bo a new cost. If that is the case, then the 
remaining equipment costs are perhaps of the order of a (luarter of the 
cost of having a library in the high school. 

As to the e(|uipment cost. 1 iini using a very generous figure for the 
price of computers. Within 5 years these figures will be laughable, but 
today fhey are right. The course I've described should be based on 
computers with more (capability than the $6,000 home computer 
available today. I have used a figure of about $6,000 because I know 
of e(|uipment one can buy off the shelf which has ai)proximately that 
capability whi(di is iie(^(led. My e(|uii)ment figures are high because I 
have assumed today's price for a more powerful machine. 

Dr. S^y.\^•so^•. Jiist to get a handle on how-fast that is going down, 
today's $6,000 computer, when will that cost .^6,00? 

Mr. LiJEiiUMANN. In about 5 years. It's funny how these things go. 
That parti(Mdar luodel won't fall verV fast, but it will be replaced by 
ot^her ones. 

Dr. Sw.wsoN. What will an ecjuivalent size to that computer cost.^ 



324 



322 

Mr. LuEHHMANN. I would think within 5 yetirs it could be hiul for 
certuinlv under S1,000 unci perhiips us little as $600. The color TV set 
seems to be a target price for tdl things for iho home mtirket. I Vr'ould 
think something in that neiirhborhood would be feasible on a 5-year 
time scale. It would have a greatly improved graphic capability and 
much more mem or}'. 

For my cost calculations 1 have used the figure of three students 

Eer computer in the classroom. That is not optimal. It would , he 
etter to have one apiece, but at $5,000 to $G,000 apiece that seems like 
a luxury. If the price went down fast enough the number could be 
brought up. 

I have also tried. to write equipment purchases off in 3 years, which 
may be a little fast. So my figures are also high for that reason. 
' Mr. Gallagher. I have *^touched on this point somewhat before 
and I would like to hear your views on it. Point 5 on your testimony, 
page 5, you say that the private sector is not organized to make 
significant advancements in the education of the public. 

Mr. LuEHR.\iANN. Yes. 

Mr. Gallagher. I would like to go hack for a moment to one 
of our previous witnesses, Dr. Papert, who had this statement: 

A compiitutional revolution is crrtiiin to happen. It is driven hy indu.stry 
rather thjin l)y the eriuciitioniil community. It will Uikv. place in the home whether 
or not the schools accept it. 

Your point here is that simiiicant investments are needed. I assume 
you are referring to R. & D. seecl money. 

Mr. LUEHRMANN. Yes. 

Mr. Gallagher. Preferably from the Federal Govemrnent. Wei , 
I think there's a profit motive here and if industry .sees it they will 
move on it and it will come about whether or not the Federal Gov- 
ernment likes it or sees it, et cetera. 

Mr. Luehhmann. Yes; I agree with you that there looks to be a 
contrafhction here, but I don't think there L;. I agree that there i.s a 
profit motive and a strong incentive for the manufacturers of equip- 
ment to go out and sell that equipment and to tell people whatever 
is necessary to make as many sales as possible. I agree vyith that 
point. If there were no research an<l development funds available for 
the kinds of research and development projects that I think need to 
he done and which we have talked about here, something w°^J^" 
happen an v war. The question is whether what happens will be 
good for tlie public I thinkMhe arguments are very strongly m the 
negirtive. I don't think that what will happen will he for the good 
of the publi(^ 

First of all, people will Icam to use computers anyway. J^ome 
people. Who? The people for whom a $000 expenditure is not very 
much. I liave touched on that already. There will be a tremendous 
distortion in the distribution of computer literacy within the society. 
That seems to me to be inappropriate. 

Secontl, comptiter manufacturers have no interest m teaching 
skills which are transferrable from their machine to some other 
machine. Thev have a much greater interest in hooking you into some 
idiosyncrasy of their equipnu«nt. They are not trying to teaeh you 
literacy. They are trymg to teach you the virtues of using their 
machine rather than their competitor's machin(». 
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In the process they will contribute to some literacy, of course. 

Mr. Gallagher. You did bring out an analogy there: *'Why 
doesn't Random House Publishing Co. invest in teaching people to 
read? People might go out and read Doubleday books." 

Mr. Ltjehrmann. Exactly. 

Mr. Gallagher. Will that analogy hold water because you have 
Westinghouse and Zenith selling television sets which have a different 
segment of industry, namely the service industry and Madison Avenue 
putting in programs. ■ 

Mr. LUEHR.MANN. YcS. 

Mr. Gallagher. Why couldn^t it happen in this area too? 

Mr. LuEHRMANN. It wiU and that's just the point. What will 
develop is an industry which is marketing applications that will run ' 
on the home computer. • It will not, however, teach people to write 
their own applications. It will only soil canned proCTams that help 
them with their income tax or the decision about now much of a 
house they can afford to buy. 

Mr. Gallagher. Are you saying if Federal money is put in that 
this won't happen? 

Mr. LuEHRMAX. Vcn not saying that at all. 

Mr. Gallagher. You are- saying if Federal money does not go in 
the programing material itself woukl be suspect. 

Nlr. Luehrmann: Pni not saying that either. I think those are 
interesting programs and I expect such an applications industry will 
develop, rm confident it will.* I am saying that there will be no con- 
scious proCTam to teach the public how to use a computer themselves. 
Some will learn by hook or crook but in a way that is not optimal and 
not transferable and highly distribted within the society, favoring 
the affluent. Basic literacy in using the computer will not be taught by 
any industry that I know of in the private sector. It is not in their 
interest. It Ls in their interest to sell hardware and applications. It 
is not in their interest to teach people how to write programs or how 
to solve problems by means of a computer. Do you sec the difference 
I am making here? ^ - 

Another very important thing is that it's important in the model I 
propose that teachers be taught how to do this and yo'u can be sure 
that the private sector is not going to engage in a program of retrain- 
ing teachers to teach students how to use the computer. It seems 
unlikely to nie, anyway. It may be po.ssible that a giant in the com- 
puter industry which has more to benefit from mass literacy and 
anybody else could sec it as being within its interest to conduct such 
programs. It may be that that is true, but I think that is highly 
unlikely. i- i 

And, finally, the schools are unlikely to have equipment on which 
to teach the use of computers witliout .some planning by the local 
communities for acquisition planning which is supported by Federal 
or State funds. I do not think the oh-going cost of such a program 
should be supported by the Federal Government. Since computer 
use is a basic skill, the focal community should support the on-going 
cost of teaching it. 

But I think Federal funds can be very helpful in the research, 
development, and planning stages. 

Mr. Gallagher. But it should go to the educational community? 
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Mr. LuEUUMANx. I think it is an educational task, yes. Research 
needs to be carried out at the university U^vel, at institutions that 
deal with the pubhc, science centers, and sci(»ncc luuscunis. Other 
models for teachin<T: computer literacy should be tested besides the 
one I have proposed. 

Mr. Gallagheu. Somewhere alonj: the line there has to be a 
marriage with industry just for the equipment. Who is j^oin^ to 
produce the equipment? 

Mr. LuEHRMANN. I think the etjuipment tliat is ^^oinj: to be marketed 
in general is adequate to the task. I do not think sju'cial new ecjuip- 
ment will have to be developed for teaching computer use. 

Mr. Gallagher. It has to be interlinked. 

Mr. LuEHR.MANN. Indusiry certainly has to be a participant in the 
the phmning, all the way through. It would be nice if in<lustry were 
willing to come forward with funds to suj)j)ort research. But I think 
we would be wrong to expect it at this point. The evperience is not 
there to give one much confidence that funds will be forthcoming. 

Mr. Wells. Isn-t there a parallel between what hapi)ene(l with the 
autonH)bile industry and the construction of the vast road network 
throughout the United States? It was not really until si.\ decades 
after the technology arrived on the scene that we began to think of 
the social conseciUences. 

Mr. Ja*i:iiu.ma.n.\. Rational planning did not occur because it was 
not of central concern. Pcojjle made in<lependent decisions. 

Mr. Wells. It is probably not unreasonable to c.vpect in<lustry to 
participate in what ]Vlr. Gallagher is suggesting. I see no reason why 
industry should not be interested in [)articii)ating in sonu* of the 
things Dr. Papert suggested. 

Mr. LuEFJH.MAN.v. I tluuk certainly in any planning activities there 
should be industrial rej)resentation. It is very important for those • 
who are going to be involved in educating the j)ul)li(! in the use of 
e(pnpment to be in very clost* ci^Tununications with the suppliers and 
other conununities as well: Rcsean lua-s v. ho are v.-orking on problems 
in learning and people who are working in computer scien(!e. All of 
these people should be represented at the planning level. 

Mr. ScHEUEH. I would like to thank I'^r. Luehrmaim and Dr. 
Emery and Dr. Pepert and Dr. Brown for appearing today. I think 
the session was highly {productive nrul 1 think yoiu* remarks art^ well 
taken. 

We hope that the endeavors of the subconwnittee and the stafF will 
re{i(»ct tlu^ high levcd of testimony' that we liuvf^ had today. 
Thank you very miudi for coming. 

(Wh.creupon, at 12:^)0 p.m., the subeoiiuuit t ee v/as adjourned to 
reconvene at 10 a.m. on 1'bursday, Octob'.T \a, 1977.1 
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COMPUTERS AND THE LEARNING SOCIETY 



THXTBSDAY, OCTOBER 13, 1977 

House of Repuesentattves. 

COMMITTEK ON SciENCE AM) TeCUXOLOGV, 

Sua(:oMMiTTEE OX Domestic and 
IxraiXATioxAL Scientific Plax'ning* 

Analysis axd Coopehatiox, 

Wdsklngton^ D,C, 
The subcommittee met, pursuant to notice, at 10:10 a.m., in room 
2325, Rayburn House Office Building, Hon. Robert S. Walker, 
presiding. 

Mr. Walker. This is the fourth day of the Subcommittee on Domes- 
tic and International Scientific- Planning, Analysis, and Cooperation's 
hearings on "(Computers and the Learning Society." 

Todaj'' we have asked representatives of our various Federal agencies 
concealed with funding research, development, and demonstrations 
.n the field to appear. They will explain to us their current programs 
and policies. 

We are happy to have this opportunity, especially in light of what 
we have found in our .S previoas days of testimonv on computer 
managed instruction, computer assisted instruction and research plans 
for the future. 

Having i^aid that, I would like to call first Dr. F. James Rutherford, 
Special Assistant to the Director of the National Science Foundation. 

Dr. Rutherford, we will enter your remarks into the record. If you 
want to go through theni that is fine and if you want to paraphrase 
them, that will be fine ^oo, 

[The complete prepared statement of Dr. Rutherford is as follows:] 
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STATEMENT OF DR. JAMES RUTHERFORD • ^ 

ASSISTANT DIRECTOR FOR SCIENCE EDUCATION 
NATIONAL SCIENCE FOUNDATIOM 
BEFORE THE 

SUBCOWITTEE ON DOMFSTiO AND INTERNATIONAL SCIENTIFIC 
PLANNING. AK/IYSIS fi COOPERATION 
COMMinEE ON SCIENCE & TECHNOLOGY 
U.S. HOUSE OF REPRESENTATIVES 

OCTOBER 13, 1977 , 

Mr. Chalrmarrand Members of the Conmittee: 

Today, I am pleased to describe for you the National Science 
Foundation's (NSF) programs directed at computers in science education. 
1 . National Science Foundation Goals and Policies in Computer Education 
In his Haalth and Education message to Congress on February 2B, 1967, the 
President specifically directed the National Science Foundation to work with 
the U.S. Office of Education in establishing an experimental program for 
developing effective methods for utilizing computers at all levels of 
education. Afteraction by both Houses of Congress, NSF was authorized to 
foster and support the development and use of computers and other scientific 
methods and techniques'for research. and education in the sciences. 
Since then, the National Science Foundation has supported a wide variety of • 
programs designed to stimulate the innovative applications of computers in 
science education. This has included support for the development of: 
computer technology and techniques for instruction; Computer applicdtions in 
science and courseware for selected scientific disciplines; new instructional 
concepts based upon the availability of computers; and organizational mechanisms 
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to facilitate the widespread use .Qf computer products and concepts. It 
has also carried out tests of alternative computer-assisted instruction 
systems and provided training programs for faculty. 

In the development of computers for science, the National Science 
Foundation has taken steps to assure that it does not merely duplicate the 
efforts of business and Industry. From the beginning, the Foundation has 
worked closely with both the commercial- sector and academic Institutions to 
develop alternative systems for meeting diversified instructional needs in 
science and mathematics. Much of the NSF effort has been aimed at "proof- 
of-concept" experiments and field tests. These are needed to reduce uncertainty- 
for the commercial sector and to offer evidence to members of the academic 
conmunlty on the advantages and limitations of various models of computer 
use. The operating premises are that the user is the best judge of the 
usefulness of instructional materials and systems and that the commercial 
sector provides the best avenue for their distribution. 

In addition to computer oriented science education activities, the 
NSF has administered science information programs. These include: support 
for activities to improve the use of scientific and technical infonnation 
and to conduct research in the information sciences in order to better 
understand the fundamental process of information transfer. Some research 
projects seek more effective ways of applying new technologies to the problem 
of information access and use. Other projects seek to improve the transfer 
of scientific information from originators to use»*s Ly providing computerized 
abstracting and Indexing services to scientific and technical literature. 
The Foundation participates in bilate'"a1 international science information 
activities, and thus, to a limited oetjree provides a Federal focus for 
International science and technology activities. 
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2 . National Science Foundation Programs for Computer-Related Support 

a. History 

In 1968. in response to a Presidential directive, the National Science 
Foundation established a special office for computer research support. The 
Office of Computing Activities (OCApwas created tq provide a suitable 
fraTOwork for meeting the special needs for computers in education and research. 
In addition to supporting research in computer science, a special Computer 
Innovation in Education (CIE) program was launched to support cutting-edge, 
high-risk projects with potential for high pay-off. 

In fiscal year 1972, the Computer Innovation in Education Program 
of OCA was transferred to and integrated into our Science Education programs 
and renamed the Technological Innovation in Education program. In 1977 the 
TIE program was discontinued and many of its functions were absorbed in 
other programs. During the nine-year period from fiscal year 1969 to 1977 
the Computer Innovation in Education Program (including TIE) spent an 
estimated $51,976,000 on computer uses in science education. 

b. Current Programs 

In fiscal year 1977 our Science Education Development and Research 
(SEOR) and Science Education Resources Improvement (SERI) divisions supported 
192 computer-related projects for an estimated total of 9.7 million dollars.* . 
In addition to providing support for research and development for computer- 
related projects in science education* programs in those two divisions have 
been particularly responsive to providing instructional support for the 

.* See Appendix for a description of programii and expenditures. 
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improvenient of science education at a variety of institutions. The relatively 
large number of computer-related proposals received and projects supported 
is indicative of the proposal pressure from institutions to initiate and 
upgrade the use of computers in science education. 

3. Ov erview of General Results of Projects and Research Efforts 
The accomplishments of N5F programs have been many. 

( a ) Regional Instructional Computing Networks 

N5F helped pioneer the development of thirty regional networks 
which include 300 Institutions of higher education and many 
secondary schools. Most of these networks are self-sustaining 
and have continued to operate wi thout addi tional federal funds. 

(b) Systems . Experiments with and demonstrations of computer-assisted 
instruction systems have been encouraged and supported by NSF. 
Several are now cofrmercially available. A student computer-based 
career guidance and information system has been field-tested and 
evaluated. Support has been provided for the development and 
evaluation of a compiter-assisted instruction system for arithmetic 
and reading in elementary-secondary schools. 

(c) Curriculum . Computer-based curricular materials have been developed 
for chemistry, mathematics, physics, social sciences, biology, 
statistics, and computer science. Rtsearch efforts have been made 
to evaluate and restructure science curriculum based upon the 
availability of a computer. 

(d) Computer LangLage s. New computer languages, LOGO and PLANIT, 
have been developed for computer-assjsted instruction. 
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(e) Surveys and Studies . ' In order to nwnitor development of computers 
In education, national surveys have been conducted in higher 
education and secondary education. Studies have been supported 
to identify exemplary uses of computers and to identify the 
barriers to widespread use. 

4, Problems in Current Government Policy 

Current Federal policy and the provisions of the National Science 
Foundation Charter allow us ample latitude and freedom to support significant 
developments in computer-based education. If there are any constraints, they 
are the financial limitations for discretionary funds for research and 
development in science education and the support of special high quality 
institutional projects. 

5. Future Directions in Computer-based Educatio n of Special Interest to 
the NSF 

Due to the limitation of funds, the Foundation intends to concentrate 
its .resources on those areas which hold the greatest potential for fundamental 
and lasting changes in the educational process. These include the following: 
(a) Fundamental Research and Development . In the last five years 

computers have undergone an order of magnitude improvement. Current 
CAI and problem-solving techniques are grossly inadequate for today's 
computer systems. Researchers are noving away from the development 
of systems that simply teach facts and skills to the study of knowledge 
based systems- Advanced, smart or intelligent CAI systems are 
beginning to appear, and hence, there is a need for fundamental 
rlsea^ch on such questions as "How do' people learn?" "What is knowledge? 
and "How can machines augment human learning and knowledge?" 
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Cupriculum Revision and Development . Existing curricula need 
analysis in the light of the widespread availability of low-cost 
computers. Current research tends to indicate that with the aid 
of a computer elementary school children are capable of solving 
complex problems which they are not traditionally exposed to until 
high school or even college. Careful exploration is needed to 
determjrfe to what extent today's courses can be made more efficient 
through the imaginative use of computer technology. But modification 
of existing curricula may not be sufficient. Research is needed to 
examine whole new curricular possibilities. That is, support should 
be given for the experimental development of entirely, new 
instructional materials and approaches that from the outset presuppose 
the existence, and local availability, of inexpensive computers. 
Simultaneously, computer involved courses need to be invented for 
various levels and subjects in which the computer itself is an 
object of study. 

) Faculty Training . In the early years of Federal support for computers 
in education, workshops were provided for faculty development. With 
the ever increasing numbers of nev5 acquisitions of computers, renewed 
efforts for faculty training are needed. It is clear that in order 
to obtain optimum utilization of new instructional technology and 
high quality materials, there must be concomitant faculty training. 

) Microcomputers . Lew-cost microcomputers offer an exciting development 
for science and science education. The development of special 
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machines for a wide variety of applications is an urgent problem. 
The combination of video disc and microcomputers promises to make 
available powerful, personal, computer systems which can combine 
the versatility of television with the power of the computer. 

The computer has become a symbol that in many ways represents science 
and technology in the public eye. Thaf: is not surprising, since it is a 
versatile tool that has affected not only every field of science, but also 
has come rapidly into coinnon household use. 

The computer permeates many aspects of our society and impacts 
significantly on the daily lives of most people. Educated citizens need to 
know enough about computers to be able to both capitalize on and control their 
use. In the context of these hearings, I wish to emphasize that computers 
offer a unique opportunity to improve the quality of education while enabling 
us to advance our state of knowledge in science and education. Computer 
technology should allow us to better prepare all of our citizens for 
successful lives in the real world of today and tomorrow. 
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Funds 'Spent on Nuiterof 
T * 1 r * Conputer-related Total Nuirter Computer-related 
M3li!i!!to! Projects* , of Projects Projects 

SCIENCE EDUCATION 

10.8" 3.5 ' 69 ' 20 

^•2 J 122 61 

.6 296 80 

4'.3 Ml 30 3 

'^52 32 10 

^ m 539 m 

SCIENCE EDUCATION 
RESEARCH AND OEVEIOPHENT 

2.5 ,75 24 4 

or Til TJ 



nJI 55? 15? 



*Hillions of dollars. nn.. 

00/ 



335 



Science Education Resources Imp rovgnent Programs 
and Computer»Re1ated Projects 

INSTITUTIONAL SUPPORT 
The Institutional support programs of the Science Education 
Directorate are designed to strengthen the capabilities of schools, 
colleges and universities for science education and research 
training. They range from programs aimed at Institution-wide 
Improvement In the sciences to highly focused projects dealing with 
a single component of an individual course. 

RIAS 

The Research Initiation and Support (RIAS) Program supports 
such activities as exploratory research and the acquisition of instru- 
ments, equipment, and facilities for research training. This is 
designed to help institutions to upgrade their programs for young 
scientists at the graduate and postdoctoral levels and faculty 
with recently completed graduate training. 

Of the 30 awards granted through RIAS. three were computer- 
. oriented. For example, Wayne State University received an award 
so that young scientists in chemistry and psychology can receive 
training and research experience in the computer-control of scientific 
experiments. Ability to use computers to control research is 
important now and will become even mere important in the near future. 
The young Investigators will receive their training on a computer 
network in which a number of microprocessors control 
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Individual experiments while sharing a single set of expensive 
peripheral devices attached to a communications computer. 



The Instructional Scientific Equipment Program (ISEP) is 
designed to improve the quality of undergraduate science instruction 
by supporting the acquisition of scientific equipment required 
for undergraduate instruction in the sciences. Approximately 30 
of the 287 projects supported by ISEP were computer-oriented. One 
of the projects, for example. Involved supporting equipment 
purchases at Washington and Lee University which will be used in 
developing a new course in microcomputers for students without 
previous electronic experience. 



The faculty-oriented projects are supported under the Local 
Course Inprovement (LCCI) Program. This program is designed to 
1) encourage the introduction of new scientific and educational 
concepts to undergraduate students, and 2) enhance the teaching 
capability of science faculty. 

Of the 129 LOCI awards. 61 were computer-related. Tor example, 
California State University. Sacramento, received an award to 
develop interactive CAI techniques to use in teaching undergraduate 
students in chemistry how to acquire and interpret data from 
laboratory Instruments. This project addresses one of the most 
Important teaching objectives in a laboratory science. 
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MISIP 

The Minority Institutions Science Improvement Program (MISIP) 
provides support to effect long-range improvement in the basic 
scientific strength of post-secondary institutions whose enroll- 
ments are composed predominantly of Black. Native-American 
Indian. Spanish-Speaking or other disadvantaged ethnic minorities 
underrepresented in science. 

Ten of the 32 awards granted in FY '77 by MISIP were 
computer-related. For example, an award wa^; approved for the 
.Atlanta University Center to conduct a project designed to 
establish computer technology as an integral component of the 
science program. This will be accomplished through training 
faculty in the use and development of computer courseware for 
science instruction, by providing renote instructional computing 
capabilities to the Center institutions, and by providio^ 
technical support services. Atlanta University, Clark College, 
Morehouse College, Morris Brown College and Speliran comprise 
the five Center institutions. The prcoram will impact at least 
3,000 minority students. It's anticipated that through this 
program, s ;udents will improve their academic performance in 
science and math courses, and more students will be motivated 
to study science and choose science careers. 

In order to acconmodate the growing need in the area of computer 
technology, greater funding is indicated. Primary emphasis would be placed 
° providing students enrolled in minority institutions 
with an opportunity to learn the use of computer technology 

iv 
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" enabling faculty it minority Institutions to incorporate 
computer techniques Into their courses 
removing the barriers of poor mathematics and science 
preparation of entering students through the use of 
computer assisted Instrjctlon techniques , 

" enhancing the research capability at minority institutions 
with computer facilities. 

OTHER MINORITY ACTIVITIES 
Few proposals submitted to other NSF programs for small 
developing institutions, in particular minority institutions, 
involve computer technology. If these institutions are unaware 
of the value of the computer as a tool in education and research, 
computers certainly will not be among the top items on their priority 
lists of needs. In attempting to amel iorate this deficiency, the 
Foundation has supported three 4-day intensive workshops on 
Educational Coniputing in Minority Institutions (ECMI). The 
computer literary workshops were funded at approximately $906K 
and involved some 1,000 faculty and 100 presidents of minority 
colleges. An evaluation of these activities is currently being 

V 
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planned to determine if the ECMI workshop model is a cost-effective 
way to assist in accomplishing the goal of improving computer 
literacy among the faculty at these Institutions and, subsequently, 
improving minority institutions capabilities in this area. Other 
mechanisms also need to be researched to determine their feasibility, 
effectiveness and cost-efficiency. 

CAUSE 

The major objective of thn CAUSE program is to strengthen 
the science education capabilities of predominantly under9raduate 
institutions, departments, or group? of departments. The program 
addresses the needs of those in5titution5--larTe and small, public 
and privdte--that have experienced a decline in undergraduate 
science education standards over the past decade. In particular, 
attention is given to the large number of institutions heretofore 
-uninvolved in the science education activities of the Foundation. 

This fiscal year 59 awards were made by CAUSE totaling 
$10.3 million. Recipients included 19 two-year colleges, 2S four- 
year non-Ph.D. degree-granting institutions, 16 Ph.D. institutions, 
and 5 consortia . 

As' in n 1976, over half of all proposals submitted in FY 1977 
involved computing. Twenty of the 59 funded projects were 
co^Tiputer oriented. Suffolk Comniunity College, for example, received 
award to develop a program designed to incorporate 
co^nputers Into a wide variety of courses covering six acadenic 
areas. The concerned departments are Mathematics, Physics, 
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Chemlstrjr , Earth and Space Sciences, Engineering and Economics. 
When in full operation, the program will affect as many as 10,000 
students per year, by exposing then to the computer as both a 
learning device and an exceptionally valuable tool for problem 
solving. The mode of computer l age, be it ai a computational 
tool, a simulator for model s , ^or. CAI , will depend on the specific 
courses . ■ , ' 
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Sc i encR education D eve1cmP^AalA!4£^:4t^''-°ii^'i"-i 
■ Computer-Related Pr o.iect5_FY_2l 

The Division of Science Education Developnent and Research (5EDR) 
.pent million dollars in FY '77; of those nonies 4 Tiillion was 

spent on 18 computer-related activities. 

RISl 

-no Research in Science Education (RISE) program supports researca 
on a variety of topics, one of which is "tech.,ology in the classrotn." 
Projects supported are; 

" Vn- impact of calculators in elenentary school ;nathcnati cs (C-. 

Wh'.'atley, Purdue University), 

" Conputer literacy in science education (D. Klassen, Minnesota 
Educational Computing Consortium). 

° The importance of gaming, in acquiring mathematical ano scientific 
knowledge (I. Goldstein. M.I.T.), and 

" An assessment of a children's computer laboratory (S. Papert. 

H.i.T.). 

PISE 

The Development in Science Education (DISE) program supports 
research in several areas, one of which is "technology in science 
education." Fourteen technology projects were supported. 

Several project, concern th* development of courseware and_ 
improved dissemnation of Materials. Melvin Uovick, at the University 
of iowa. is continuing work on a system to analyze data using Bayesian 

vlii 



344 



342 



statistics. David P.irnas, at tf.e University or North Carolina, Chapel 
Hill, will prepare software to facilitate the teaching of structured 
proqranming, a new approach that proniises to improve Programmer 
productivity. David Merrill, of Coursewiird, Inc., will investigate 
learner-controlled instructional strategies. Wallace Feur^eifj, at 
bolt, Beranek and i'>lewnan, will create 3 transportable version of the 
LOGO language which has been used effectively in a variety of 
educational environments, most notably with Seymour Papert's TURTlf:. 
Gary BreneMan, at East Washington State College, is writing courseware 
for use in undergraduate chemistry classes. The CONDUIT project, which 
has offices r^.. five campuses and over 100 colleges and universities as 
IT bers, is continuing to facilitate the distribution of cour-.eware by 
establishing lr3nguage standards and testing existing courseware at 
other test sites before it is made available generally. 

Two projects are concerned witfi speech output in computrr-based 
instruction. Jonathan Allen at M.I.T. is continuing development of a 
speech synthesis system. Patrick Suppes at Stanford is developing 
lessons which incorporate speech output as well as developing courseware 
in logic. 

The remaining six projects are: 

Science career awareness f(H* elementary school children (A. 
Korotkin, Richard A* Gibboney Associates, Inc.), 

Study on courses in computer literacy and. the impact of computers 
on society (R. Austinq, Association fur Computirj Machinery), 
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Assessing the impact, benefits, limitations and costs of computer 
innovations in education (R. Seidel , Human Resources Research Organiza- 
tion). ' 

° Educational applications of intelligent videodisc systems (A. 
Berk, U, of California), 

Computer conferencing system for peer evaluation and commentary 
on essay tests (J. Woolpy, Earlham College), and 

° Guidebook for the use of computer graphics in undergraduate 
mathematics (G. Porter. U. of Pennsylvania). 
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STATEMENT 01 DR. JAMES RUTHERFORD, NATIONAL SCIENCE 
FOUNDATION, WASHINGTON, D.C. 

Mr. RuTHEKKOUD. I would profor to suhrail tlio report and talk to 
von jihout soino of my interests and concerns. I am sorry that Dr. 
'Atkinson c.utuiot he here. He wanted to he here, hnt he is ont of the 
country. 

As you know, he luis a <rre}it intere-t in conii>\iters not only hccause 
he is^lirector of the Foundation h\it because he himself has (h)ne 
substantial and outstiuulin<r I'esearch on leai-nin^ u>lntr com|)Utcr 
tefduiolo'ry. 

1 should also hke to point out to you from the >turt that J am not 
a computer specialist. My interest durin*: my professional life has 
always been in the lear[iin<r of science by student.^ at all levels. T have 
tau.Ldit in hi'rh <(diools, 1 have been a univer.^ity jirofessor, and I have 
developed jdiysio curriculunis, i re^rard my job as science education 
director in a similar way. 

My only interest in computers, really, excej)| as an Individual, is 
in the extent to which they can contribute in a i)()sitive an<l inia^ruia- 
tive way to better learnin.Lr foi- all youn<; people. So 1 will not s|)eak 
to the details of conij)\iter technolo^^^y. 

In the report you will find some history of the contributions of the 
National Science Foundation. As i be*ran^to learn about that I was 
imj)ressed by the rer'oi'd at how early the Foundaticni discovered that 
the computer was something: mr)re than a resear<"h instrument, some- 
thinir more than a rlevire for makinir bu-ine>s happen more ellicicntiy. 
B\itlbe record is r-leai" and you 'can read it. in fa<'t, the hcarin^rs you 
have been luddin^^ are testimony to the edecti veness of the National 
Science Foundation, I think most r»f the i)eoi)le you have had here 
at one time or antither have I'efeived some supi)ort or encoura.Lremont 

from NSF. . . , , 

When one looks at the role of r-omputers in learninjz, in e<lucation, 
in helpin;: chiMren learn science and learn how io deal with the world, 
I tend to be skeptic:d. 1 think niodern tecluu)lo'ry at best cannot be 
a substitute for K<H)d teacliinLr, fr)i' the .<kill and decisionmaking^ ability 
of the tear-ber in a cla^room. 

But even moiv tiuin that it Is the fact that the history of the use 
of technolo-rv In (>duciition not bn.LdU. Vi-it schools and colleiros an(l 
you will see" that many instructor- still hTive diljicidty ^^ettmir a 
inillinn'tei' projer-toi" t o' cont nbute in n useful fashion to. learnin^^ 

Television and radio early on were cr)rrupt(Ml at least in an etluea- 
tional sense and have not been exi)h>ited. TIk- <'arly working eom])Utcrs 
seemed to place theiu out of the ran<;e of use in scliool.s—too expensive, 
too hir^rc. and too fri'rhtenin«z in a j).syr-h(»logical sense. We did not 
know enou^rh about them.. So 1 had some skept iclsm, but I nuist .say 
that mv thinking clumped an<l without ('Xr-eption ! think we are now 
faein<.' a new situation in whir-h c(jmi>uter techn()h)<i:y has a good 
chance, if propcilv exploited, to nuike imjjortant contril)UtK)ns to iho 
learning of the (^iitire >pec,tnnu of young people in our schools and 

colleges. .Ill 

The economic barriers have just about disappeared aiid are on the 
way o li. T\w si/.es have gone <lown and no longer is tlu^re a frigliteniug 
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imichinc cither in |)laV<' or olT in soino distant ph\vx\ but it is somothin^: 
you can lift iind see iiiul deal with hki'> a typewriter. 

People are ^o\n^ to he around them and heconie used to them so 
that they will' be looked upon in a neutral way as say a teUiVision 
niaehine^or a radio, no long(»r exotie. The question, therefore, is — I 
think they are ^oin^; to b(» used but the (luestion is how and for what 
purposes and how can we learn to do it (^ornu'tly ".^ 

1 would like to siigc^est that we an* now at the point that we should 
first of all undertake a vij^orous and ren<'Wed research and dc^velopment 
effort to loarn better how these fnu'standinj^, in(le^)en(lent, small 
computers can affect learning in real classrooms. 'I hat couhl not 
happen before. . 

In a New York ('ity project attemptin^: to nnprove science tor 
junior \n^\\ .school stullents, we found that students and teachers 
respondeu W(»ll to the us(» of th(»se small irnichines. But more than that, 
the machines i)rovid(Ml a way of be^inninj^ to look at students tliffer- 
ently and learn more about how they learn. I think that research and 
development is the overridint? need riji;lit now, not to support schools 
or colleges to buy (»(iuii)uient, not to underwrite^ the development of 
nro^ranu'd instruction, hut to findinfz; out with these nuichines how 
learning; occurs, how scientific concepts are developed, and how 
(]Uantit"itive notions <irow, the relationships IxUween numbers and 
real world (luantity. That is a 10- to 2()-year line of research that is 
oi)eninfi; uj) now that ! think wiH be enormously ])owerful. 

The second thin<i I think wc are in a i)osition to do now is tp think 
of this instrument in relation to science and mathematics (iurricukuii. 
To do this 1 think we should look at the comi)Uter as an entirely 
diffen^nt devi((» from an inf(uimitlon-disp(»nsin<;C apparatus. Motion 
I)if:ture i)roj(»ctors dispense information and other projectors do that 
and hooks do that and radios and televisions. The computer can tlo 
that, too, but 1 think-that is not its power. Its i)ower is that it is a 
device or tool for manii)ulat inir information, for lielpin<i people to 
think. Now that is what school is about, learning' to think and manipu- 
lating information for vourself in order to make decisions. 

So^l think we must* now bejznn the task of ree.Kamining all of our 
ciirri(^\ilums, csja'ciallv in science and mathematics, to see in what 
ways this tool ciin be used to make tlu^ instruction more powerful, 
more j:ermane. and more open to more students. 

Third, in the line of tliiiur^ I think we are hli^v ready to do, is to 
examine in a research-and-developincnt way th(> ('6nii)Uter as an object 
of instrufUion. Ten vears from now. in ord(»r to tr^t by in the world, we 
are biiihlini; for ourselves, for better or worse, a citi/eii is goin"; .to need 
to know how to deal with conii)Utational <h^vices and something more 
than a handheld calculator. 

Notions such as modeling, how to project your decisionmaking, 
how to Use instruments that Can now bring you information, help you 
organi/.e it aiul make decisions an» going to Ix* in our world. Therefore, 
our schools should undertake the process of learning how to do this, 
how to prei)arc our students to enter and be elfec.tive in such a world. 
That is diflcrent from using it as a tool to improve science instruction 
itself. ^ _ . , 

Those, I think, are the main directions ui the future, i he iNational 
Science Foumlation, particutarly the education directorate, I think, 
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is in an extraordinarily strong position to undertake the promotion 
and support of such research. We have had now a coupU; of decades of 
first-rate research. And everything that has happened, whether or not 
you can find it in schools or colleges, has provided a ba.se. 

I would suggest respectfully to this committee that as it explores 
the connections between computers and learning that it think .of the 
computer first of all as a preeminent research device for learning more 
about learning and, second, as a tool for reexamining all of our school 
and college curricuUims, especially in the sciences and mathematics, 
and finally as something to be taught about itself. 

I would be pleased to answer any questions you might have. 

Mr. Walker. Thank you very much, Dr. Rutherford,- for your 
statement. Counsel has brouojht to my attention here an article called 
"Science for Urban Junior Highs" which I think backs up some of the 
things you were just stating. 

Looking at the article and taking testimony you have given here, 
it strikes me that one of the things that might be important in deter- 
minini; where we go in the future of education is where do you-begin 
a|)plying the computers for use in the educational community. You 
arc talking about junior liigh school age here. We have had some 
people testifying hove who seem to be indicating that they are apply- 
mg computer technology to the elementary schools. 

I guess v/bat I am concerned about is, is there a danger along the 
way that we begin to teach more about the computer than we teach 
about the basic skills and the basic information needed to assess what 
a computer can and rannot do? And when do you begin introducing 
the computer as being not just a tool but a basic part of one's lifo and. 
how much basic education should there be in front of that? 

Mr. RuTHERFoun. I suppo.se there is a danger in the use of any 
new technology in education. It would be more of a danger if educators 
were better able to apply technology than in fact they are. But I 
think the point is well taken. My own bias as an educator now is that 
in the elementary school the computer's role in the school should be 
solely as a tool, not as an object of instruction. And if it can help 
childi'en leam fundamental thinking, logic, and use of numbers, how 
to express ideas, how to sort information, that is contributing basic 
education, and that is its role. 

I would say up through the junior high school level, up through 
high school, t^he main function of the computer ought to be to help 
one get a deeper understanding of subject matter. 

As you get into secondary .school, however, I think you are beginning 
to reach the point at which it becomes possible and important to 
think of the computer as something itself to be understood. Because, 
after all, half of our children do not go to college and probably one- 
eighth or more never finish high .school; thus high school is the last 
chance, for many to learn about computers. . 

So if we want the;n to understand the instrument, to know its 
limitations and know what to expect of it, then I think something 
needs to be done at the secondary level on the computer itself.. 

Mr. Walkek. I ran see that there are some dangers both ways on 
tlje thing. That is what I'm trying to clarify here. No. 1, it seems to 
be absolutely essential that people have the basic information needed 
before we get into the computer. But at the outset of y6ur statement 
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you speak about tht^ intimidating factor of computers. Isn't it also 
possible that ii* we dou't start teaching computei^ at a very early age 
and teaching people to utilize thorn as a part of thcw informational 
network that when we finally do introduce them at the junior high 
school or high school level you are introducing then an intimidating 
factor in terras of the child. 

Mr. Ri:THERFr>Rn. I think my response probably wasn't very clear. 
What I meant was the compuU*r should probably be used from the 
earliest grades but for the purpose of helping children learn the funda- 
mental -Intellectual skills and knowledge about the world. . 

Mr. Walker. But the problem there it seems to me is do you teach 
them to become ciependent upon the computer for those skills without 
developing the skills sej^arate from the computer? Here a couple of 
years ago tiie tea< hers were saying that we should not have a math 
class witiiout having all the kids there with little pocket calculators. 
But it seems to me that somewhere along the line they ought to get 
the basic skills without the reliance on the machinery before you 
introduce the machinery. 

Mr. I{vn*Mf:RFOHi). I don't know. F personally liave not that fear, 
although 1 consiiltM- it to be a researchable question as to what un- 
wanted dependencies laight develop from the use of technology in 

earlier vears. • , , , , 1 1 i * 

Mr. Wai^kku. I wouhi hate to think that it we had another blackout 
in Now York ('ity tlnit we wonW not have anybody who could add 
if they (!itlr/t have a <-omputer or calfiilator. 

Mr KinmcKKOuif. ) am not well informed on the outcome of work 
that has been done. Thero has been a coiis;deral)le amount of work on 
the use of computers in fundamental learning, things related particu- 
lar! v to rote, (learning.) 

N!v understanding is that what they did was not teach the children 
simply how to use the rompnter to get an ansv« r to a problem but 
nithf^r used the computer io teach fdiildren h .'vv io use numbers, bo, 
used in one v/a\-, the .'oniputer can make you iuticpendeut of it, while 
I suppose, used' in a diirerent wav, it rovdd also buiui in a dependency. 

.S)me depenflencies mav be useful and <^lhers not. The autoniobile 
is one that wc arc probablv overlv depe. ut on. On the other hand, 
no one is arguing that we can really get hy ./Uiiout it. 'ihevo is ranger 
if one willy-nillv introduces new technologies uito tiic >r:iiools. If they 
lire iniect>^d in a way that desregards the purposes of school at every 
level, there is a fhuiger. 

Mr. ScHEUER. What are the purposes of school? 

Mr. KiTTUKHTORi). Thev are to help all of our young people get the 
kinds of intellectual skills and knowledgf^ that it takes to be able to 
operate ii^ the real world, to understanri ihi^ world and enrich their 
lives and have opportunities to get the kinds of jobs or careers that 
thev iftic'ht be interested in. .... -ru 

Sir. ^rHEUER. To mak<i them better functioning citizens. Ihat s a 
pretty broad mandate. I don't see how you would have a problem 
with'ihat mnn(hite. Vou said computers are used for tho educational 
system to help children learn counting and math and arithmetic. 
ba;n't the coninutcr also be used to sort of open the.ir minds and key 
their interest on the whole business of learning, the whole Dusmess 
of communication, and the whole business of absorbing ideas and 
solving problems? 
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Mr. IluTHEKFOKi). 1 think, Mr. Chairman, my remarks before you 
arrived were in part to that point, that the real power of the computer 
in the classroom is as a device that will help youngsters learn how to 
sort information, restructure it and think about the world. .A.s an 
information-dispen.sing device, I'm not terribly interested in it. We 
have lots of ways of drowning students in information. What they 
need is not more information but knowledge of how to use it. 

Mr. ScHEUER. If they are not receiving' the information, you are 
not drowning them with it. You may be sending; it, but if they are 
not receiving it, there is some kind of a barrier. 

Mr. RuTHEUFORD. Surelv. 

Mr. ScHEUER. If through the computer you can deliver it to them 
in a form they find attractive and Interesting: and stimulating and 
acceptable yoii mav be giving them informatioti in a fashion that the 
regular .school establishment is not giving it to them. 

\Ir. RuTHERFOHD. Perhaps so. 

Mr. ScHEUER. Nobody is drowned in information, unless he is 
receiving it. It is the old Ihing of if a tree falls (lown in the middle of 
the forest and there's nobody there to hear it, is there noise? 

'Mr. RiJTnEUFoui). But Tstill have considerable skepticism about 
the power of the computer to motivate students for a long period of 
time to siinplv receive more information. It can do that for some 
students. 

Mr. ScHEUEH. There is no point in tryuig to i)rove that. I he 
(piestion is can t.lu^ conipitl*-'' 'ots of things. 
Mr. RuTHEKFOui). That's the point. 

Mr. ScHEUEK. It sliouldn't be judged 'on whether it can just do 
one thing for a long period of time ami probably the least interesting 
or significant thing of all the things you have mentioned that it is 
potontially capable of doing. 

Has NSF funded any longitudinrl studies of how the computer 
can be used sav for thi:-^V^^'»P ^^'^'^ -^pf'^'^y that we are hav- 

ing trouble turning on and for whom the public sctiool system, as an 
institution, doesn't seem to work very well? 

The kids are predictablv coming out of school from then* 11th and 
I2th vear almost functionally illiterate, if not completely functionally 
illiterate, without reading and writing and counting as everydav tools 
of life. Have there been any longitudinal studies of the kind of roles 
that tlic computer can play in turning on these kids? 

Mr. RuTnEUF{)un. There have been some studies that have gone 
on for a long time. I am personally not aware whether there have been 
longitudinal studies.. There arc st'afT members here whom I would be 
happv to ask and who would know. 

Mr. MoLNAH. I am Dr. Andrew Molnar of the National vScience 
Foundation. One of the major diflicultios in tliis area is that niost of 
the activities have been of a research nature such that the curriculum 
created is for a snnill specific experiment. 

And the lack of curriculum from, say, 0 through 12 precludfeti^a 
long-term, longitudinal study. There is one being conducted on a 
limited, basis. , • i - 

Arthur Melmed of the National Institute of education which is 
supporting a longitudinal study in Los Angeles, can probably give 
you more details on that, since they are supporting it. 
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But then" liavc ^\\u\u'> \vhi<-li demonstrate llint coinputor- 

assisted instruction does work for di-nd VHnta;j;ed students; that is, 
that we are al)le to d.-monstratc si<inili<'ant 'iniproveiuents in per- 
fornuuiee at the elenicntary and seronthiry levels. At the higher ed- 
urational level, r-onij)uter-asslstod instruction is a little more incou- 
elusive in ternl^ of results in that it Mp|)(?ar> that it tea<dies as well as 
an instru<-tor; that is, a coiiip.utei--assi^ ted insiru<-tion pro^^'ain can 
suh-titute for a hij^h-quidity teacher and pre>ent nuiterials ui a. con- 
sistent manner over time. 

Mr. ScHEULH. That i-v a >ijxnilieanl stateuient. 
Mr. MoiA'Aii. It is. 11 
Mr. Kr'rHEHFUKh. One response to that: I musi say that in educa- 
tion in <^eneral, wc have r-onducted very few lon^!tK>'inial sttidlos. It is 
sad hecau.-*' it is one of ilu' few way> you cjin determine the n-al im- 
pact ^'f v/hat IS happenin<i in t iie "sclu^rds. It is ])rol)al)iy in part a 
conse(|uence of the way fimdlni: h-jppcn.- anntially. h is hani to keep 
studies j^oinjj: for 12, 15. or IS years. 

The test of education is what hai)pens to the youngsters when they 
Ix^come mcmhcrs of ^ocicty, adult.-, and have rcsi)onsil)ihties. if that 
is related to education, we'(Mi|iht to he makinjj; such studies, the com- 
puter includefi. But there are otdier thins^s we claim have useful effects, 
i)Ut we don't l'o ahoul uK^isiirinsi therii properly. 

1 think tluit .-houhi he promoted ir.ore by the education, aj^encies. 
Mr. SciiKrKK. Let ni" /.ero \\\ on j)articula'-!y this <iroup that wc 
seem n«»t to he nhie to cojje. wi\li verv well, the s^rouj) of low-income, 
cidtui-allv disadvantai^e.l kid-, whuiu w- e\p(»se to tlie edueational 
svstem and .-hove thffn thrrmirh the jiiju'linr and they come out. after 
1*2 years virtiuilh," unatfected hy iv all. 'i'hey have really resisted it, the 
elFtirts f)f prettv decent and sincere people. Maybe \\ is because we 
di.-h it up in a form liiat is totally irrelevant to them as they jjerceive 
it. It oIlVi^ no rewards to them and it do(->!i't rt'late to their life and 
what L'oes" on in tlieir lionie,-, et cetera. There are many reasons why 
tiiev jTerceive it lis invlevaiit. but the fa'-t is thai they do inanaL^e to 
<:et"shoved through the " japeline and emerge after \'2 years of educa- 
tion reallv cput.e functionally i!litei-a*e. ^ 

Tiie (p'u^iion is, has the romputer proven, or are there mdie>ations 
tiial tiie computer can turn tluv-e kid.- on'/ h st ems straiii^e to talk of a 
com[)Uter i-(datinL( to a kid, but we have hear-; .-.ome testimony that 
tiie computer ean b.- protriamed m) that the kid in eli'ect has the e.om- 
|)Uter under his her cotUrol and there seems U) be actually a svni- 
i)iotic relationship, a "frieieliv" relat ion^hii) between the kid and the 
eomi>uter and the kid feel> he can mani[)ulate the computer and does 
in such a fashion that leai'ninu' becomes attractive and fun. 

Mr. ICrrnr-uroKi). I think. (here i> evidence that that is the case. 
.N('>t all students, but a lari^e lunnher of them, are able to interact with 
comi)Uters and enjoy it and will be enthusiastic about learuin<.r in th<; 
eom|)Ute?- mode whru they are turned oil* by other aspects of school. I 
think we know that. \Vba't we do not know now is how to caf)italize on 
that. Now that we have them at the conijaiter, so what? What is it 
we want to t<'acli them'.' 

Mr. W.M.KKH. Have we evaluated which kid-".' 1 d(»n t know enou.uh 
about it to jtidire, but is it ju-t kid- that have kind of a meehanie.al 
bent anvhow tluit like to use the comi)Uter'or how lon<^' would that 
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kind of thing last? When I was learning to ty])e I liked to mess with the 
typewriter too. When do ^\•e get to the j)oint lhat it's just iis boring for 
the child to sit there and punch thing^^ into the computer as it is to sit 
in the classroom and be entertained by a teacher? 

Mr. RuTHERFOKi). In the first place about the spefM.rum, I think 
there is evidence that both the very bright and the academically slow 
student respcnd and can learn, so it cuts across. As to when one gets 

tired of it all 

Mr. W.\LKER. That doesn't necessarily relate to the aptitude 1 was 
talking about. For instance, you coidd have a l)right student with 
mechanical aptitude and also a slow learner. 

Mr. Rutherford. I think it is not a question of mechanical apti- 
tude. I thinJc there are other psychological rea^sons why the computer 
is .so fascinating for so many people. Now there is a question of will tme 
finally get bored with that, just as with everything else. 1 think the 
answer to that is how clever and imaginative we become in continuing 
to think of material to go with the computer. 

If it isn't iloing anything for you any more, you will lose interest. 
You get tired of just playing with it, so what has to hai)i)en is that it 
has to continually serve the student and he has to know it. One of the 
things aboiit the computer that is nice is that it almost always jjrovides 
sort cf an instant feedback on hew well he is doing. But tliere has to be 
substance. Machines by themselves are of no special interest. I think 
we have not devr:l[)i)e(i enough substance. So my guess is that bore- 
dom wiil set in unless we go beyond the drill and memory asj^ects, the 
aspects that involve getting an answer to a cpiestion or gettmg infor- 
mation. It will become mere interesting and more powerful and they 
will stay with it longer when we start using it to handle information, 
to sort and pair and aid in the thinking |)roces3. 

Mr. Wai.kkh. You mentioned as part ol your statement^ the social 
science curriculum could ^be used. Now as a former social science 
teacher 1 always thought that one cf the goals we were trying to reach 
or g(^t across was conceptual information, tliat the idea of certain 
knowledge was net as important as the concepts which we developed 
in the students we were teaching, wiiether it was in Government while 
1 was teaching that, cr so(nology, f r whatever. Is that what you are 
saying then? Is that where the computer could be applicable to social 
science, that we can use it to evaluate information and teach concepts. 

Mr. RuTHEKKOHi). I wouUl thiu'. that — I am not a .social science 
teacher, but I would sav that a n\ore important use in that context 
would be to handle the Icinds of information that are associated with 
public decision making. I guess that is what happens in social science 
classes. People are inundated, for example, these days with statistical 
statements, numbers. Charts appear in the pajjer. Now with a com- 
puter in the social studies classroom students could leani how to 
query information, how to sort it and how not to be fooled when 
somebody says the average is vsomething. 

Mr. W'ALKER. You could destroy a lot of political cami)aigns here. 
[Laughter.] i - i 

Mr. RuTHEHFoim. That use of the (computer as an analytical 
tool to iielp peoi)le become imnlytifal and thoughtful about otir 
society would be something that I would think would be possible. 

Mr. Wells. Mr. W^alker? 
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Mr. Walkeh. Yes. > 

Mr. Wells. Following up a point that Mr. Walker was pursuing 
a few moments ago about the prospect of rapid boredom or at least 
reaching a level where they are no longer concerned, there were two 
major points raised in our testimony yesterday that might be worthy 
of asking you to comment on. One was that the re as an analogy of 
the introduction of com\)uters into business and the Government 
worlds. Initially they were looked on as a replurement for clerks, 
handling inventories and payrolls, et cetera, fairly triv ial kinds of 
operations. 

Now a decade or two later we are beginning to understand and 
a])ply computers in much more sophisticated ways anc! we are using 
computers as part of the decision process and as aids in <'omplicatea 
heuristic types of processes. The analogy was dra^\^l tha* we are at 
the payroll substitution stage in the education area. Do you agree 
with this very rough analogy? 

Mr. Rutherford. I believe so, and that is why I think it is now 
time to move on from the payroll level to the level of conceptualiza- 
tion and analytical use of computers. 

Mr. Well.s, a second point was that with the widespread naove- 
rnent and calls throughout the country for back to basics education — 
I believe Dr. Brown made the point very eloquently yesterday chat 
back to basics has a ver}' simplistic ring to it but it is a very compli- 
cated concept when ona begins to think about it, because we have a 
very difficult time understanding oxactly what the basins are and 
secondk how do wc j^ot to these basics in terms of fundamental under- 
standing and fundamental processes. It is his contention that in this 
back to basics movement thr computer can serve a very useful 
(lia^i^nostic function in helping understand these processes of getting 
back to basics and helping a child and a teacher diagnose what is the 
learning di.sfunction tnat any child may have. Do you agree with 
that concept? 

Mr. RuTHEUFOiiD. I agree that in time it might serve that function. 
I think it is not at all close now l)ecause we simply lack information on 
the learning process. For many years in the schools it has been claimed 
that what a good teachor shoidd do is diagnose the learning disabilities 
of each child and then apply some remedy. I can't imagine that 
anybody who has over tauglit school would think much of that idea. 

Mr. W.vLKKK. And you start with the premise of a good teacher, 
how you measure a gorxl teacJier, that's u nig problem too. 

Mr. Kin-HKHFOun. The thin*: is even if you could diagnose the 
problem you would not know what to do about it in each individual 
case. The child is more complicated than that. I think that^ is a goal 
one should strive for and that is why I think the computer will have 
enormous use in helping us understand the learning process, learning 
how to.diamose difficidties, learning how to repair them when we do 
see them. But that's decades of efTort. It is not a simple matter. Wo 
have one advantage now. There has been a f^reat deal of good research 
on cognition and learning already, but it is a complicated problem. 

The advantage now is that we can have free-standing computers, 
inexpensive, in the (dassrooin and tliere ran be, I tliink, a much greater 
critical mass of learning studies going on that will gradually get us 
there. 
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Dr. SwANSox. Vou said tlio tlirc(» iiuijor tlirusts of tin* research you 
see in the future are lirst, leurninK' 1h>\v students leath which lias just 
been talked about; second, computers rehited to eurricuhun; and 
third, preparing the students for a coniputeriz^'d role. I realize you 
ivave just come onboard at NSF, but how would you characterize the 
previous research thrust? It is not (dear to me how these three goals 
will differ from what has gone on in the past. Is lliis really a new 
(ieparture and if .so how does it build on or differ from the mist? 

Mr. RuTuERFOHD. 1 think this is building on the past. My view of 
the previous program, a unt terribly wcdi-informed view, is that it was 
primarily the beginnings of research, the pioneer work, the notion of a 
relativ(dy few people that here was a new technology and have to 
learn how to use it for research purposes and for edu(ULtional purposes. 
But that was just the foundation. What I am suggesting is that we 
now build on that and we are in a position to do so. 

Dr. Sw.\N.sON. Within the NSF could you des(!rihe a little of how 
you envision the organization responding to these thre(; goals and 
what the approximate level of funding you an* thinking about might 
be, in terms of a yearly basi.s? 

Mr. RuTHKiiFOun. The first part of your ([uestion. we are in the 
I)rocess now of trying to plot out our research and development 
activities for the next detuidi* on the assumption that there will not 
be enough resources to do all the good kinds of research and develop- 
ment that can he dune in science (vlucation. We feel we have to pick 
certain basic tasks that will have a major payoff and stay wit!i them, 
and get the researchers out in the fi(dd working on these particular 
problems over tinu;. Then^ will be a snudl nund)er of researcli thrusts, 
one of which will be essentiallv com[)Utcr learning, but it won't stand 
alone. It will stand alongside other research efforts relating to problems 
of, for cxariiple, motivation and self-confidence to conceptualize 
learning and some others. 

So we perceive it no longer as it was, say. a decade ago, as a separate 
group from our other researeh activities but as oiie of the major lines. 

As to what form that will take and how much it will cost I have not 
a good estiuuite yet. We are in the process of trying to put it together. 
I would think that in general it is tune for the Federal Government to 
undertake, for perhaps a decade or so now, a rather substantial 
investment in computers applied to learning through our agency and 
others which nuiy have an interest, 

Hut what the number is 1 don't know. 

Dr. Sw.\n:sO.\. Over th(? past days of hearings we have had count- 
less witnesses who have enmhasi/.ed that whether we like it or not 
the impa(:t of comp\iters will be widespread on our society and if we 
an^ going to have wis(^ social planning the nuijor consideration in a 
lot of our research ought to he how to take advantage of this computer 
technologv that is being createtl by the private sector. 

I was wondering if you could couuu(»nt a little on what you see as 
the need in terms of research. It seems to me it is not really im^luded 
in these three goals you have articulated. Several witnesses have 
emphasized that in the [)ul)lie sector we hav(» to rreate the course- 
ware or as Dr. lirown put it. artideial coaches that could be piggy- 
backed onto the computer \:i\uw<> that are going to be eoming out 
We are being flooded with this stuff by the private sector, so a lot of 
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the learning will or.niv outsifi^^. th(^ normal snhoo! f:\irriculuni. I wonder 
if vou can amplify on that? • , i i u 

Mr. Rutherford. If the point is that the computer is likely to be 
trivialized, I think that that is a (lanp:er. It can ^o the way of some of 
our other technolorries and he misused if it is left solely to the private 

""^^ V^think what the public sector can do is to develop models, and to 
test ideas and mechanisms. For example, one is the very problem of 
how can the private and public sectors work together to dissemuuite 
the learning that is developed. Right now, programs are hard to trans- 
fer from one instrument to another, so a great deal of good work is not 
beiuf^ properlv userl. It is not even known about. But that is a re- 
searfdiable qiiestion. What are the variety of ways? In fact, the ^a- 
tional Science Foundation right now has two difterent models it is 
testing to try and set up a network in other communications modes. 

It is a (lifficult problem. I am convinced that both sectors are crucial, 
that the private sector is the onlv wav we have really to efliciently 
<listribute the kinds of materials and devices that will end up m schools 
and colleges. On the other hand, I do not think they are m a position 
to develop high-risk ideas, to develop mode! kinds of materials, to 
test them suflicientlv or distribute ihem widely. 

Therefore, tlie Federal (iovernment should .support research and 
development, and somehow make a pool from which private industry 
can then draw in its efforts to get things into schools and colleges. 
Mr. Wai.kkk. Are there any further finest ions'/ 
Mr. Galla(;iikk. I have one, which 1 think Mr. Waiker will be 
interested in. . , . 

Takim' off on what the chairman sMid about the computer being a 
friend, as one witness said, we had a witness here whose testimony 1 
would have to characterize .omewhat is minu ulous. In fact, i told 
him so He was from Whit tier, and they had computenml education 
there for several vears. He was iu)t talkuig about quantitative but 
fnialitativoclunmesin the stud(uits. They reversed a 16-year downward 
trend in test scores, lie said the interplay between the students— 
these were the disadvantaged students. Chicaiios and black.s--he said 
that the interplav was iictuallv making a change on the student him- 
self He hiid been put down all his life, at home and in school and by 
th.^'estabhshment, and now for the first time he was developing some 
confidence and become more resourceful, n self-starter. He was now 
internallv controllnu: his own life. He could work with that computer 
and ^low it down, s(imething he could not do in a elassroom situation. 
It was not onlv a friend but more than that. It had some astounding 
bvnrodiicts he >nu\. Absenteeism had gone down and vandalism had 
(rone down and a number of other sceondary things. I personally 
doirt know how to evabnite that. He made a terrific case, not just lor 
teaehin^^ of students to become more knowledgeable, et cetera, but 
• almost a personality change resuliing from this interplay between the 

machine and tiie kid. , , , i i i i 4^ 

Mr RrTUhUKiun). I think that is i)0.-^sible. I would simnly evaluate 
such testinionv witii n-er e. In education business I, myself, and 
mv collenguo'over the year, lended at tlie early stages to overstate the 
case, to make judmnents ba.-^oi on our own wcrk or individual sHuiies 
The statements vou nuuh* about the beiiavior of the students i 
have seen almost t*-!iose same des( riptions made m relation to other 
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experiments not roUiled to the computer, and I believe them, too, but 
the job of bringing abaut u large-scale clumge in education is the one 
of taking these potential things that we have developed and turning 
them to the general usefulness. 

So I would be impressed b}- the potential. I would not say that 
therefore we can .simply load coniput>ers into classrooms and have that 
happen in general. We can get there, but educational problems are 
severe. They are complex. They are social, cultural, and p.sychological. 
Decades of work of a variety of .sorts are needed to make headway. 
The computer, Tthink, stand,-, a chance of doing that. Its value that 
vou mention, however, I think there needs to be some care that it be 
looked at as a friend becau>e it can help the youngster learn to think 
and do' things and not the anthropomorphic sense. I am not much 
impressed with the early days where they had computers talk back to 
you like they were your friend. I don't think that. It's a piece of 
^machinc^y. 

NIr. Gallagher. I almost had the feeling that he was putting life 
in the riiachine. 

Mr. RuTHEUFOHi). That is not something one wants to do, I think. 
It's your friend if it helps you think and learn and make your way 
better in the world. But jusr remember in back of ever}- one of those 
instruments is the humar. mind. I am more and, more impressed — one 
cannot fail to be impressed by the power of a computer. But that po\yer 
was (Revised and developed by researchers, by people. The}* are the * 
real friends of students, and we have to be careful about banking on 
warm feelinu;s toward computers. Computers are useful only if they 
help us intellectually. 

And it doesn't matter, as a matter of fact, whether the}^ are really 
all that frienfUy. Some of the great teachers in liistorv as human 
beings were not always warm, cheerful people. And yet in fact there 
seems to luu*e .been some learning going on. "^'ou have to be a little 
careful. 

Mr. Wells. Some of the warm, cheery people who developed the 
automobile now could he advised that it kdls us at the rate ot 60,000 
per year. 

NIr. Walkeu. Thank vou very much, Dr. Rutherford. Your testi- 
mony has been very helpful and we thank you for (coming this morning. 

Next we would like to call Dr. Arthur Melnied, associate director, 
finance and productivity group of the National Institute of Educa- 
tion and Tom Sticht, associate ilircctor of the basic skills group 
of the National Institute of Education. 

[The statements of Dr. Melmed and Dr. Sticht are as follows:] 




355 




COOPERAnON, OCTOBER 13, 1977 

Mr. Chaiiman, we are pleased to liave this opportunity to present the 
views ar.i experience of the .National In.?titute of Education on "Cai?raters 
and the Learning Society." 

The National Institute of Ethjcation was established by Congress in 1972 
ulth-the general mission of helping to^iinprove American education through 
research and development and dissemination, and a s]jecific mission, one 
of several, to strengthen the scientific end technological found^rtions 
;of education. 

We regard, tlie canputer as very iinportant both because of its potential 
for unpro\rinf'. education and because "of its effects on the societv' fron 
v^iuch students cone and for vlach they are being educated to beccane 
adult participants. We think of canputers as part of a larger body of 
rapifily evolving informatioi. technologies that include, as well, broad- 
cast and cable TV, video recordings and canputei- -generated visT\al images. 
As meLibers o^ this cannittee are;aware, the price of cocrouter capability 
is falling rapidly. V-Tiat woidd have cost $20,000,000 fifteen years ago 
now costs roughly $1,000, and this may drop to $100 by the middle of v 
the next decade. VJe are prcojiised soon video recordings providing about 
50,000 individually accessible video jimages on a disc similar in size 
and cost to an LP record, designed for display singly, or as a motion 
picture, on a home television set with a player costing about $500. 




We agree si. th 'Brie Ashby's view that this electronic information handling 
explosicr .s the fourth in a series of re\'olutions in education. The 
first tiiree are frfjquently identified as the invention of the school, the 
adopticjn of the wTitt^n word as a tool ir; education, and the invention of 
printing and the subsequent wide availabilit>' of books. This fourth rcvolu- 
ti^-" is' alread>' strongly manifested by the virtually universal iLvnl!abi1it>- 
of l-'levision in Ainerican hcanes ocid the estimate that most chJLU!' 
vy-3".ched 5-4-, 000 hours of T^' beforr they start school and by the end u 
high school will have spent r.ore hours before the T\' set than in school. 
Tne effect of the ccmputer is less strong so far. However, the first wave 
has rirxived with the handheld calculator capable of performing with 

perfect accurac>''nost of the aritJ^iTietical calculations which coafront 
childrcii in e]eiTientar>" r.diools. 

Tl-ie ccm^mtLT is prcving also to be a uselal nid in exp- :?ring the ways in 
which huian beings take in new information from books or o^'her sources and 
attack problems arid draw conclusions. Ps^-chologists and ccmputer scien- ■ 
ii.sts have combined forces to sinilate human tlilnkjji;: processes with a 
ccrrr .• '.'r, ther'.'by advancing our knowledj^e both of thinking and what can 
be done with cory-utor.- . t 

In a progT.im budget of S57>! ar-prrjpriated by the U.S. Congress for the 
Agenc>* in Fi' t].( nnount expendf^c 'jn activities ^ re] at ed to computei 
nnc' educ^i t ' . n was app rox irr-i t e ] >■ S 1 . r> ni: U i on . 7)\c dio i ce of t he s e ac t i - 
Vitic- <.as guided b>' Agc.cy ob>octiv»js to: , ^ - 

('!] 'Liit • /e the ffectivo :i:id efficient Jvl :vcr>' of eduCJonal 
ser\-ices; 
f 
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(2) imprxjve our understanding of hu™ learning, through use of 
information processing models; and 

(3) ijnprove our understanding of social behavior in a coirputer- 
centered learning socict>\ 

These a^^c rather broad objectives. Narrower intermediate objectives, and 
specific programs of activities were selected by broad consultation with 
' both researchers and educational practitioners. 

.\ctivities we wish to highlight today follow a natural line of development: 

(1) the evaluation of existing technologies for computer- 
manage^ education, ccirputer-assisted instruction, and 
m-athematics instruction; 

(2) exploratory researd\ and develOiTment of education^ ^ T 
applications of the new, low-cost tcchjiojogics; 

(') research and development of software \o create a new 



[4) studies on the impact of corriutcrs cn the individual 
and societN'. 

One of the carli-s. developed uies cf the computer in clementarv-secondaiy 
education has been for administrative ^nd managerial purposes. Hovs-ever, 
potential adopter? of such systems have orly little syst. ;itic infonnation 
on the impact of such use on* school costs and practices. 

The Minnesota Educational Computing Consortium OECC) operates one of the 
oldest and most ertensivc administrative and m^ager.cnt data processing 
.•systems in the country- - called TIES involving 4S suburban Miruieapolis 



generation of "smart" coiqputers; and 
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school districts. In 1976, ^^ECC vas selected by the National Institute o£ 
Education for an evaluation of the patterns of use', and both observed 
consequences and perceived outcccies of confuting services on school district 
management. Eleven of the 45 districts were selected for in-depth study. 
The study is not ccn5)lete, but the following interim results are available. 

Administrative Use of Coryuting 

The TIES administrative ccr^juting system includes eight systems or services; 
Personnel/Payroll System, Finance/Budget Accounting System, Attendance 
System, Census System, Mark Reporting System, Class Scheduling System, 
Student Information System^ Research Services. 

Among the eleven districts studied, 61 specific applications of the above 
eight systans were in use. 

Costs 

The average Total cost for a TIES-member district [including salaries, 
equipment, membership charges, and all other ca[i5)Uter related si:5)port 
costs) for obtaining instructional and administrative conputer services 
is less than 0.75 percent of the district's total operating costs. 

Impact of Administrative Coirputer Use on School Districts 
To date in the NIE Computer Impact Study, a number of ojipacts of admin- 
istrative ccmpiJter use on school district operations can be noted. 

Canputcr use in the financial accounting and budgeting area enables dis- 
tricts to implement program budgeting concepts and to decentralize budgetary- 
development and control. Tfus is accomplished by all'ov\dng a district to 
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greatly increase the number of line items hi its chart of accounts (often 
from 200 to 2000 line items) , by enabling it to easily obtain infonnation 
sorted in several ways, and by providing the district with ;^-to-date, 
detailed, and accurate budget information. In adxiition, the conqjuter 
service siiplifies the districts reporting responsibilities to other 
govenmental agencies. 

The computer scheAiling service enables the'schools (secondary) to offer 
students a greater choice of cciirses vhich can be rescheduled several 
times during the school ycrr. Without 'ise of a conqjuter, the school 
administrators would be able to schedule only once a year and offer a 
more lijnited and restrictive curriculai program. 



Conputer use in the census area enables a district to develop accurate 
and timely data concerning the district residents. The ability of the 
conputer programs to sort the data according to variables such as place 
of residence, type of family dwelling unit, and numbers of children at 
varioiis ages, has provided districts with valuable enrollment projections 
and other trend infonnation. In many of the districts, the enrollment 
projections have proved to be a valuable aid as the administrators plan 
their responses to declining student earollinsnts. For exaii?)le, the 
infonnation has often been the key ingredient to significant district 
decisions concerning school closings or construction, teacher hiring or" 
layoffs, and boundary shifts vd-thin districts. 

The primary inq^act in the Personnel/Payroll area is that of tiine-savings 
in processing payroll and maintaining records. Also, several districts 
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are finding that the capability of sorting data in man>* wscys is proving 
to be valuable '^'hen reports are wMe to State and federal agencies. 

FiJially, many of the districts make use of a conputer prograni that allows 
them to simulate a multitude of possible salary^ schedules for the teaching 
staff. The iJiipact in several districts has been t)iat th^ parties to 
negotiations can more quickly anc? thoroughly investigate alternative pay 
proposals both before and during the ftegotiations process. 

Research Services have allou'ed several districts to begin to conduct 
research on their operations. Changes in programs have often occurred 
as a result of tht» research findings. 

In additio.T to the ijnpacts noted above, several other general ijiqjacts 
should be noted. 

1. Nbrc relevant infomation for bouh short-range and long-range 
decision making is available to, and used by, district managers. 

2. The information is more likely to be available at t}\& time 
that it is needed. , 

3. Tijne is freed from recordiceeping and clcr .cal dutiss (administra- 
tive) ro that more time can be spent on duties • «i 

closely related to the main educational fuiictioiL^ <■'' '. h- 
districts. 

ft ft * ft * 

Also iji the dxumaln of t-xistijig technologies, the Natior.K.l ♦ i -r -jf 
Education is cun-ently sq^poriir.g a four -year longitU'\ -.^I ^-Vu.iy o;r . e 
effectiveness of computer -assisted drill and practice liTr.-.Tv;...', d\e 
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skills of disadvantaged elementary- school students iji ihe aieas o£ conipu- 
.tational mathematics, reading and language arts. 'H'.s .'Vjmuterized 
curriculum being used is the result of ever a decad.- .-^^ lev^lopnental 
work, mstiy centered at Stanford University, Vv: c..' -vcise3 supplement 
regular classroom instruction vsith individualizeo drr.ll of frcn^ 5-20 minutes 
per day on a cathode-ray tube computer terminal, .'•-f:- intricately designed 
coDputer prograir. assesses each sUident's skill l-^^-l and presents appro- 
priate exercises on their individual cathpde-ra, '^-lie consol. Students 
type in answers and are innediately infonned on th. screen if their answer 
is correct or incorrect. When a mistake is nLirii. the correct ans>s'e? 
displayed, accoiT?;anied by a demonstration' the ^. rrect prqcedures vhcie 
appropriate. The classroan teacher recei-.-i z^^.^ printouts c^^^playing 
the placei?.ent and progress for each student in specific skill ;.:-jas. 

Previous controlled studies of the mathemati-.:? pr.^^^r.-r, ha'vx --Aieved statis- 
tically significant gains for student; ovcr iKc rcuv> - ^.^gle yea^ 
The current research is exploring tlie pattern of stu-iir' ■. -iin'j vith differ- 
ing aiiounts of time on the co7.Tputer over the-coursv: of rcverai elementar>' 
school years, and vslll include a follou-up of sti^vx-ii pogress :jito the 
junior high school after corrputer driU ar.i :;-:ct:;--. has stopped. The 
Los .Angeles Unified School District i> p-ovi':.,-.g the site^r the srudy, 
and the research is being conciucte:. h-, ^ducational Testing Ser%'ice vsith 
the assistance of a panel of reseav.v: : ..d instructional specialists. The 
per I..1U1 cort of the instruction t.- .ell vithin the amount - in excess 
of $500 -- budgeted under Title I for each cliclble child in Los Angeles. 
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The conputer-assisted instruction (CAI) ^^-as introduced into the partici- 
pating schools only in >Iarch 1977, and the only data now available to us 
was obtained in the coiirse of debugging the systeni and settling .student 
and school personnel down into its use. The available data suggest that 
all three CAI curriculums mathematics, readiiig, and language arts 
have a positive effect on student perf oiTnance . However, our research is 
designed to inform us on the amount of effect for different amounts of 
CAI, and how this ^/aries with students over a four-year period. The data 
to answer these questions will becane available only in future yea.rs. 

***** 

In the area of educational uses of the handheld calculator, selected acti- 
vities include: 

(1) Establishment of a Calculator Information Center at the Ohio 
State University. The two primary functions of the Center 
are gathering information through searches of journals, guides 
and through direct contacts with professional organizations, 
manufacturers and publishers, and generating a variety of 
documents for disseminating the infoimation to interested 
school audiences. 

(23 Several jwards for the development of prototypic mathematics 
curriculums which creatively involve the use of handheld 
calculators . 

***** 
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A program of activities to ejcplore the educational applications of the nw, 
low-cost technologies is just getting underu-ay. A scheduled conference 
involving researchers and practitioners is planned to assist the National 
'Institute of Education design the broad parameters for this program. 

There have been various atten^3ts in modem times to use technology to • 
improve the delivery of educational' services. With sone exceptions in 
the military and private sectors, these attenqjts can be described broadly 
as failures. Numerous reasons have been advanced to explain the failure 
by our scliools to adopt technologj'/v, These include cost, reliabilit)', lade 
of curriculums, and institutional and 'cultural barriers. ITie new video- 
disc and microprocessor technologies hold the promise of lower levels of 
cost and higher levels of reliability than ever before. 1^ purpose of 
the planned conference is to examine alternative strategies for educational 
R5D to advance the optimal use of these technologies in the schools. 

***** ^ 

The activities above are of an applied and developmental character. The 
National Institute of Education also supports work of a more theoretical 
and conceptual nature. In this category is R^D of software to create a 
new generation of "siwt" coc^uters. Current project activities include: 

(a) Center for T >^^ Stud y of Reading at the Universit>' of Illinois 
and Bolt Beranek and Newman Inc . This project investigated conprehension 
skills involved in oral and written language. Much of this work is^conducted 
by cognitive scientists who are investigating ways to represent knowledge 
which will permit con?)uters to comprehend and product language in a 
highly interactive manner. Such research is fundamental to the develop- 
ment of "smart" computers. To date, Drs. Allan M. Collins and 
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John Seely Brou-n, both of Bolt Beranek and Ne^xian Inc. have created conputer 
programs which ulll carry on "dialogues" in sophisticated, though limited, 
ways. This, and other research on comprehension at the Center for the 
Stud)' of Reading encourages the continued support of research in this area. 

Cb) Institute for Research on Teaching at the >tichiEa;i State (hiversit)- . 
Researchers at this KIE funded Institute arc developing cojiqputer programs 
£or helping reading clinicians develop better diagncstic sJdlls. Ccrr/Jter 
siinulation programs are being studied uhich will be utilized to train 
teachers to thiru; differently about reading problems, to more accurately 
diagnose problems in their classrooms and prescribe remediation. This 
wor); is based largely on prevdous work in the field of medical practice 
by Vrr^. Arthur Elstein, John V'insoni^.aler , and Lee Shulman , who is co-Director 
of the Inj;titiJtf for Research on Teaching. It is anticipated that the 
succesii vith corrpuior diagnostic training found in training medical doctors 
vv-ill also be found in the training; of readi:;g specialists. 

(c) '.ndependeni Grants . A aimbcr of smaller grants to independent 
researchers arc permitting the study of various cr:n:prehension processes 
such ni; thf drawing of inference:*, understanding figural language, and 
the ar^lysi? cf different Lihgiiagt- strjcture? (senler.ccs, paragraphs, 
stories}. Th.ese studies are basic to tlie devcloprjont of software for 
"snart" computers. 

t. *: * fe K 

Finally, wc have initiated in Pi 77 some in-hoiLse re scire); to uiderstand 
the efi-ects cf the ^Titten la:igunge technologies on people-"*? learning 
iiivl thinking processes, and the implications of this for societ)'. Addi- 
tionally, some small contracts were let to obtain plarjiing papers in this 
prnblcT': area. 



36'.: 



- 11 - 

The study of the written language technologies lays the groundwork for 
studying other inedia and technologies. For instance, before one can fully 
understand what the conq^lete consequences are of long hours of television 
viev-ing on literacy skills, one needs to fully understand v^-hat literacy 
skills are. Our researdi to date has indicated that the skills developed 
over 12 to 16 years of schooling which stresses' the reading and styjdy of 
books, graphs, inaps, charts, tables, and other printed media are not well 
understood. For this reason, it is not exactly clear as to how we might 
determine the effects of electronic inedia on such skills . >>e have learned 
that the oral language skills of literate persons differ from those of 
non- literates. There is reason to speculate that children from better 
educated homes acquire oral language skills more like the language of the 
textbooks and teadiers they will encounter in school. This may account, 
in" part, for why children fron less well educated homes do more poorly 
in school in the fourth grade and beyond where the language of the text- 
books differs greatly from natural spoken language. 

Such findings suggest questions about other media and technologies: Will 
conputers develop special wa>*? of thinking which v^ill be transmitted from 
one generation to another in the same majinf?r as the aspects of the written 
language are transmitted via the spoken language to the child, wiiich hence 
renders him cr her capable of more easily learning the v^Titten language? 
Such inter-generational cycles of transmission of thinking 5>dlls are poorly 
understood'. Thus wc exi>ect to conduct planning efforts in FY 78 to lead 
to a thoughtful and coherent program of research on inedia and technology 
in Fi 79 and beyond. 
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this concludes our highlights of NIE activities. In suuinary, we regard 
the role of computers in society ijiportant topic for RSD. Our efforts 
so far have been concentrated on tJ// role of computers in elementary- 
secordary etiucation. A ba:»ic elei&-%t m our R^D strategy has been and 
will continue to depend for feasible and econosuical conputer hardware on 
the private sector and high-technolog>- R5D agencies in the public sector.. 
Our program plans for FY 1978 and 1979 will continue to give eu^hasis to: 

(1) exploratory research and developnent of educational applications 
of new, low-cost technologies; 

(2) research and development of software to create a new generation 
of "smart" conputers; and 

(3) studies on the iinpact of the conputer on individual learning and 
social behavior. 

We do not plan, during these two fiscal years, to latff^^ther the 

demonstration and evaluation of large-scale prototypes, or broad 

/ 

cuiTiculxan (courseware) developnjent efforts. 

i 

We would be pleased to answer questions about our programs and our plans. 
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StotOTent of Thomas G. StJxtUt-f Assoc I at e Dl roctor for Basic 
Skills, -National InstiTu?* of Education, before the House 
Science & Technology Subconnl t t ee on Domestic &' International 
Scientific Planning, Analysis & Cooperation, Washington, D.C.» 
October 13, 1977. 

Mr. Chairman and members of the Committee, it Is a pleasure to appear 
today to discuss the very important topic of "Computers and the Leornlng 
Sod ety". 

As my associate Mr. Melmod has noted, the National Institute of Education 
is conmitted to improving the quality of educarlon in the nation, and in 
strengthening t he sci ent I f i c foundations of education. 

Learning is, of course, the object of education and this includes both 
the formal education of t_^he schools and the non-formal education of the 
home and society at large. The NIE conducts research to understand the 
r)atiire of teaching tind learning as it occurs both in- and out-of-schoo I , 
and seeks ways to Improve the effectiveness and efficiency of teaching 
and learning for all citizens. In various research activities we are 
attempting to understand who learns what and how. We are attempting to 
understand what competencies are useful and/or necessary for participating 
in our society. 

To understand what skillG and knowledges are developed In our society, we 
need to understand the various media and technologies which seem to most 
directly affect our basic human capacities for reasoning, cofmunl cat i ng 
and designing new tools and environments. We ocpect research on media 
and technologies to guide us In the det ernl nat ion of what should bo taught 
In schools to permit citizens to develop "ihv skills made possible by 
various technologies. 

In Mr. Melmed's presentation, he has discussed some of the NIE research 
which uses media and computers for the delivery of Instruction. This 
research m^kes direct impact on student ' s I earning of subject matter areas, 
and represent s the use of computers for direct Instruct lor.. 

The research I wish to discuss' differs from that discussed by Mr. Molmed 
In that It focuses on the role of media and technology in changing language 
and thinking processes in Indirect ways, and by that I refer to Indirect 
learning that results from the use of a particular technology. I wl I 1 
1 I I 'jstrot e what I w talking about by discussing a major program of research 
at NIE which is concerned with understanding the Impact of an older ^ 
technology - the written languaq*' - on our basic reasoning and cofrmuril- 
catlon skills. The importance o' rhib work in the present discussion is' 
that It provides techniques for comparative studies o) other t'BChnologI es. 

It may sean ^^'jrpr i <.i ag, Jn view of the ?arge amount of public and private 
monies speof ar^ t*>5vlif cig people how to read and write, to discover that 
only a v«iry f^^ fnf^lf working in recent times have paid much attention 
to what tne .o/.ij'i qjonces for a society arc when It becomes a literate' 
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society, A most Succinct and cor.ci-jo sunnir/ of much of t ti i s triougtit is 
provided by Professor David Olsen, of .the Ontario Institute for Studii-^ 
in r<Juc3tioo, in the Pr oc red I ng 3 of the Njtionai Acadcny o'- Education, 
vol. 2, lOyS- (review o I a booK entitled "Toward a literate Society), I 
wl I I nol rev i OS*/ al I of the poi nt s he makea; rather , one poinr i of ^ 
signal importance onO that is that tne mo^t fund-anontal effect of writi,i(j 
if, on t ho- *vr i t er , and eventually on liter.jte societies. Because of tne 
permanent nature of the written langua'je It can be studied. I ricon s I s t enc i cs 
between writers can tje detected, and. the resolution of sucn i neons i si one I es 
can be sought. Such activities make possible the deve i oprrient of hi story 
and sc i ence fro<Ti the earlier mv t ho I oq y , which is founded In the spoken 
tanguaje. The per nan ence of the printed language, in conrrast to the 
ep h ( 2 1 nature or the spoken 1 anr^ua'^je^, makes it possible to formulate 
c/ 1 <.Ti:^ ; ve arguments and to cnec^ their intern:^! consistency and to derive 
t ne i r imp I i c.i t i ons . 

8y serving as a sort of external m<Lfnur/, ! ho .vr i t i c>n [ari-jjage tias Ora'Ttati- 
cally extended the natural human cap ac I t i es for I on I c* I r ea:.on I ng , and nas 
made poss i b I e the r cason 1 n j needed to dev.- 1 op the c*wt*'i ex o I ect r on i c 
t ♦jcfTi > i :ig i es ^hicn arc* the concerns of t i s Ccfm i 1 1 e*e, 

A mo:>t tmpL?''*int, anrj cn I y recerttty made discovery, is tnat people ;vho 
becorno literate, «v^lO 'jse pen and paper tor reasoninrj, and .vho study written 
kno*^ I edg e e < r ens I v e I y , deve f op the ab i I i t / to take h ypot tiet i ca i ; ev.po i n t s 
jnd r O'l'^on h ypoi fi et I ca i I y in a w i der array of ?f ob I ems t t:an do f lon- I i t er a t es , 
ProfotijQrs V-i'.tMel Ccito, ''^ / 1 v i a 'icrit-ne'', 5f»jV'-,-n Rieder arjc assoc'ates at 
f''o':i< f. [ I or universit/ tiav.- fouruj t ti i s in their studies of litofatos and 
non- 1 i f er at es in sev».'f il (y'oip'^ i ri Airisj. r'roter:sor Olsori also points out 
that t ti e u s e o t t n e wr 1 t t en I a n (j j jg v for e / 1 e n d e d r ea so n i ri g r ea u i r os t hat 
the //r iter learn to tninr in j ^ tfiat I-, less S(v,jnr3 t^iari spoker- language 
is b/ a particj' jr cunte/, r. fhi^ is Oer.j;.e sf)rjkon language u^u- lly takes 
p J .ic e In f a c c*- 1 o- ' a t: e ^ e t t i n g s /^ri 'jr e t n er • ■ is c p por t ij n i t y to ask for clari- 
fications, to poln: dirocti/ to tilings jh'J to :*iakv use of the particular 
conte^-ts trt.; ^pf.-"jK.vr:j a'~e in. 

,V. y p o i ri r in ; ri i , f; a t en d ed d I ^ r.\: s I on q f .';r i f ! en I ari j u a g 0 is t ti a t t n e d e v e I op - 
ffion; of tri»; t e-r.N ) I og / of prinrtn;, -jn-i the Id-,- spread expectations that 
all snjijid road and .vr i t e h.js n I'.i ; ;jr^i<o.jriJ iriipjcf an '/Western thougtit. And 
thvi'e ''OS no in:s-riT lon -)ri r h»: ;iar t oi * no Invenrors of the alphabet (wg 
must '-.ijppo:. e) tn-j^ the porman^'n* nature of tti^^.- r:iodiun would load to Such • 
profound ctiarig^rs in wt) - ' 'ir e.n spend "lor e tnan \ ?. years of their lives 
mastering tne wr I i t on v dove ! op i ''ig tno st-jdy skills for using tno 

AT I t t eri I an J j ige, and ■ •-■-i' ng f fon ;:r I ri* '.-d '< angu igo. Changes in whi ch 
the sp k on language s k i i I j go a ' "'^i' ■ ' j ''i no t I s d , I e t r to f h o society u u t s i d e 
of tno school systofn for dove . ^pi- '■n ; . ''-\:r (,->ri tt.e wr i I i en lariguago 

as an »..x t -.t n a I rr.</-:.)r / n v. ted : o t ab J^d' 'r.r: n : lit e^ir 1 i dove 1 oped 
t t>') i ju ■-•s f )r C'.'^n f r o I i I ; \:.>- tir-fi:.">r y in ri["'0'veri ijnj'ja<jo; ''lan / topics i ri 
rn.-;tjr Ic, sucfi a'. nufi,;f f s/'..t'/'- . d ' ' .irna t t c J ' > , ar o jirnost completely 
igporod in ou' book or ionterj -.r, 'o. I V^e ^ave traded off much training 
to develop skills in the spO" or^ langsag'- if f :W';r ot the ski Ms made 
possible b', tne printed tang',,jf;e; ski ! Is drow'r^j '•>.-} \ srj rriuc h upon the 
f ar r ^ nj: t h e pr I n r od I angu ag o- i s a t O'"' ' f if c :^r-ir> ication, though it 
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certainly is, as is the spokcr. langua^je; rath or. -he skills of the- i i t or a U- 
person aro those made possibU becar..e the pr'inred I anguage. ext ends our 
naturaJ capacities for memory, and the vUual medium permits us to spread 
the language around in viL^ual -pace. Hence car, crc-ate additional analy'ic 
toQis such as compl'ex taDles, d i r c-ct or i of information arranged in lists; 
lab^;lQd graph-i; mapy; and„even the I.^doIoq flo-.v cna- ' '. made-so ubiquitous 
Oy the intorsection of the printed lan^^-'je vn t n tno technology o\ cofnputers. 

Our cjotinued study of the printed lanyjago .v i I I , wo ueliove, lead tp a , 
better under t and i ng of just what njs happoned to U5 as a !it'».'rato ubciety. 
It may also reveal basic ni 5under:,t and! ngs about v/nat we Can use various 
mfcdia for. For ini,tance, studies on v^ho uses printed media and electronic ■ 
media ritrongly suggc;: that people viho Qet ^ i nforrr^at ! on frOm printed sources 
ranofnber the Information better than jieop I <; .v/ho get t he Jn t orma t I on from 
electronic broadcast n.=:dia. Other studies sho.v that^fne less well educated 
ranember \ k-i^i, from TIV, a*nd radio new^iCJsts t h jr, jftTC mor e highly educated. 
Thet>e studio's, if confirmed by further res'Varch, Imply^^at we cannot 
achieve educational equity goals vnlly-niMy b/ broadcast i r/j information 
to the poor and less well edur..>red and expecting thcri ^o develop f^e useful 
;ituro oi kno.vi edgt:, tnat tne r.or nigniy eOL/Cat eel i M d^'Volop frotn Dothth*-'- 
prif)tf-'d ari'J r-lectronic rnedid. 

V/r; m.j'^r be conr,f..rnO'J thot in ther'^ipid developfnent of computer technology 
rto do not ^•.'-rnor i n-.r r-isf* the gap between tno havc-s and ttie have nu:'.. 
in our ■..■..'.;■■•/. •♦i.j.t a I--., try to und.er on.o -.vhut wemi.jht be tracing 

oft b / Lj ■ • . - >r.y . : '.-r t «:c r. no t .v j v j e » : o'l t v o 1 , ,v e presently use printed 

fh^- --fp J t -.T r-r.^'-.o ' >r'; . in 

One -.r 1 r i c J 1 -■\'>a:-*r e oi in^: lirerjcy revQi-jiion ii. thjt its many rarrifi- 
ca; ioni v^ere n.L'i t her predict..-d y^^.-.i<i of t Irvj nor, in l.jrgo parts, recognized 
while the/ .vi-r f. happening. Another cririca! fa-: "ibout the literacy 
revolution i:. rnjr its of fee.-:, roor place ov.:-r t r ■. -.OMrsL- of several centuries. 
Yet torjj/, parti / a reO'-it of tn,j: revolution ^--1 partly as a result of 
the new fii'.-llj jr,d t Ocr . ! og ; eT. , tne r,jre or societ.i' <:njnge hau speeded up 
t r ffnr.ndo':'. i > :jn'« '^'.r ■ .r . t .. jcc e 1 f-r j f '^yen rr.ore. The effects of the 
ne't revolution r^j. perr,'- ... o-jr c i v 1 ; i ^ .jt i un wirv.out our r ecogn i i i ng, wha t 
-'is hipp«inin;), just js did ine eMect'-> of :nt I i t er .icy r »jvo 1 (j t i on , but 
-t-t^^y-v'; not t jr o cent i e'., . 

Wh J r ar o ■:.-y of tno 1 ! 'r ? j • ! ^ ns -v c dr .i.v f r o"i t h i 

o In the fir.t. pi AC':, . i' e ; . i j ; I on / '-'^ ' ^ ' occur , 

Ahinn.-T w'.' do jn,tr,irrj jL,.i..r it or no.t . I ri i i« j**- P^i'' t , jtc,0, 
wr; will nj_r. bc .jM e to n'-nT ■ 'n-fr; — .ve cm onl/ jM-'Icipjte 
th<.fM .jn-1 tr ro pr '.p ir e. u V.) r. i I i ; t be Jl. I e t handle 
ttie-fp. * 
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Secondly, just as mechanical tools tiave extended our physical 
capacities thd print media 'have extended our memory capabi- 
lities and o'.'r capacity for extended logical reasoning. The 
computer which hac greatty extend^jd our processing speed, 
further extends our capacity for reasoning. The newer 
Interactive computer, with capacities for displaying graphics, 
music, and other symbol systems will extend human capabi- 
lities ZMCh as our ability for creative design and composition. 
The effeJts of this extension are not easily predictable 
without farther work on bas'c human processes and how they 
Interface with the "smart" computers soon forthcoming. 

Thfe increasing rapidity of technologi al change — which even 
today dictates ^hat the camerA, recorder, television, or 
computer that you bi>y tomorrow wl M be out of date within 
sever a I .years — meanc that schoo Is will not be able to amor 1 1 ze 
new computerized equipments as long-t-erm Investments, but must 
be prepared f or cont I nue(J re-investment every few years. The 
increasing rate of change also means that we can no longer 
dfford to invest the brunt of our r esearch, funds on studies 
whose conclusions are premised on specific equipments, which may 
be outmoded before our findings can be widely Implemented. The 
■teacning and learning variables frequently employed in studies 
Of CAI and programqied learning may have only a pedestrian rele- 
vance to I he technology of tomocrow. 

CAI and rducatlonal TV, In their present form, may well be 
outmod^jd In 10 years or less. Ac A. v;. Luehrman aptly pointed 
out In his 1972 presentation to-^the Spring Joint Computer 
Conference, If the invention of writing had been frozen into 
sor^ething called "Wr i t i ng-Acs I s t ed- I nst r uct t on" carried out 
only In special "V/Al" labs, the revolutionary effects of mass 
literacy might never have happened. V/e anticipate that within 
a dozen years or so a sizeable number of homes may have their 
own interactive t el econiput era, and I* 15 quite possible that 
there will be cooperative arraag^'^'ent s for shared educational ^ 
r espons i b I I 1 1 i es betwuen homo and schoo I . 



I mp I i 'i^^t ions for MlT-Funrjofj Research on Computer is and Basic Skills 
I f ■ tho above pr ed t ct i ons ar o reason ab i e: 

II We cannot resrrict our concern to instruction in formalized 
cl a-,irot5ms, bur will include learning in various contexts. 

2) The Importanco of the tejchor .vl I I not be diminished, but 
tnere will be supper r and technological roles within 
the teaching profession, and the classroom teacher will 
become in part an "or chec^t r at or " ofthe child's various 
lecTrning e/<per I ences. Thus we will continue our concern 
for improving the effectiveness of the teaching process. 
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3) The t yp^s of r esearch var i aD I es whi ch wo will emphas i zo 
will be t ho'-o »vh i ch t r anscend highly sp<&c i f i c . equ i pmen t 
or media configurations, 

41 We will conMnue our concorn for tjasic reading, writing, 
and mat hcjnia t i cs procossos, but givo special emphasis to 
the wcy in which thesQ skills relate to new medin and 
t ochnologi/js, 

5) We will be concerned with some p"" imary cogrtii t I ve sk i I I ■ 
dimensions and with the relationships between these and 
newmedia and t ochno logy. We will beparticularly 

infer Qstod in how the new technology can augr:ient^hum3?r'-\_.. 
capabilities of Inductive reasoning and creative design. 

6) Wo wi I I be concerned with the sod a I imp ! i-cat tons of 
new media and technologies to discover wfiich groups of 
citizens are taking advantage of the ne^^ tools forethought, 
and to discover what s»^iils may being modified Tn these 
grj'ips az a result of me ^^e af nc-w media snd technologies 
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Mr. Walkek. Your stat(Mnents luive been considered a parr of tlie 
record and you may feel free to read, parapliraso ^-tlieni or just talk 
to us in an informal way, if you care to (io that. / ' 

STATEMENT OF DR. ARTHUR MELMEP AND DV,. TOM STICHT, 
' NATIONAL INSTITUTE OF EDUCATION, WASEIKGTON, D.C. 

Mr^ XlELMED. Thank you very mucli,*Mr. ChaiiiT; 

I would like to paraphrase some remarks that I have here in writuig, 
and Dr. Sticht will choose his. own style for proceeding. We are 
pleased to have the opportunity to appear before -you today. 

The National Institute of Education (NIE) was establushed \n 19^^ 

[ have attended much of the hearing^s thus far. I think an issue thui 
has not been taken up is the issue of evaluation and di .semination. 

We know quite a good deal from research a^nd development. You 
heard yesterday that, we know quite a good about the potential 
of computers for education and society. You heard yesterday about 
the world of tlie future. But beyond research and development, NIE 
is responsible for evaluation and dissemination of information today. 
So 1 would like to address the questi(ui of evaluating and disseminat- 
ing information on problems of those new ideas and technologies, 
courseware and the pronuse and application in the schools. I should 
mention tliat when we talk of coniput(^rs — when 1 talk of computers, 
I also have in mind other infornuitiou tettlu.ologies — for example, 
broudcast and cable TV, nnd video recording. The computer is <r.me- 
what special in that it can transform info: nuitica, and be responsive 
to the user in a way Muit a prepar^^d television script'can not. I want to 
emphasize that the computer is used, for the i>^ost par', in elementary 
and secondary education not so mu('h for the puri.D.se embodied m its 
name, tluit is*, to compute, but rudier handle information. 

Changes in education come rather slowly, Eric Ashby has told us 
just how slowly. There w>. ^ the adoption of tlie written word some 
thousands of vears ago,,fhe invention of printing some himdreds of 
vear . ago, and thereafter ;he widespreirl availability of the witten 
word, and more recently, the development of .schools. I go through 
that .sequencv to emphasi/..' the glacial pace at which the technology 
of education advanc^^s. • ' 

\n\i heard vesterdav Unit 'computers might partudly replace 
schools. Well, thev might, but the rate ef change in the technology- 
of education has .iot been very fiist^in tlie-pnst. The other side of the 
com is that, in fact, in the liistorv of mankind, schools have not been 
with us for all that long; that is. 'the school ns an instrument for mass 
education is i.i the iruited 'St ates only 120 or 150 years old. In a 
much Wn^oi' }ust(jry for nuuikind. this suggests that possibly schools 
will not be the ultimate social invention, for education for all time, 
and tlmt computers and other information technologies may therefore 
luive an important role to play' in education 'in the future. 

I woiihl like to menli*/n that in a program budpt of about $57 
million appropriated for Sp) in 1077, about $1.5 million was devoted 
to tlt*^ concerns of this c(minuttee, and our activities were guided by 
our wish to im[)rove the effective and (^fllcient delivery of educaiional 
servi(;es on the one hand, and to improve our understanding of human- 
learning on the other. 



37^ 




(Miuculional scrvic.os i> to providi' Ix'ttcr inforniuUon and produco to 
decisionmakers whose clioices afler t. edii( ati()narservi('o.'>. 

In ihe doniain of new informalioi^ vvlii(l) wo are trying to make 
avainihle to scliool decisionmakers are two evaluations. One in^tlicy 
ndniinislrative use of computers. 1 will not dwell on that \- The 
second, whicli has horn referred to picMOusly in these ings 
is a lopitudiaal'study of tlie ini])ac.t of conq .ter-assisted inst'.v -^'on 
on disadvantafced elenientary school students )n the areas of -. 
putatiojuil rnatlienuitics, reading, nnd hm^raat^c arts. 

The technique used is to provide coniprtexizcd indivichiai (inll r 
practice, from o to 20 minutes per day, to students wlio arc identltic.; 
as tith' [ students. Longitudinal stude'is are flifhcult to do for a number 
of reasons: (1) Federal funding patterns are often not -■table enough, 
and (2) particidarly With disadvantaged studeiUs, there is quite a 
good deal of family relocat ion, and tiiere ;s the problem of jnaintain- 
mg the validity of tiie sample (ner 4 yen: ■ '.jc case of this study. 

Tiiere are, therefore, i)()th funding-; protflc . 'mI tecliiiical problems 
in doing Kuigitudinal r-udies. Nonet iielv.ss. iiave this one in 

place. It i> intJMuh'd to test two things. One !: l!.' ::'paet of intensity 
of treatment, or iiv.lensity of use, on student aci:r'^ ■ ent. 

Dr. I'an(M-t nuMitioned yesterday that we ougi); provide refrig- 
erators wliicii only drop the teni|)crature by 1 (Icir-er- -vi the eilect 
of cooling on food storage?! In fact, it has iieen '^iih uii \n tiie past 
and it has not i)eeu d(uic, to test tiic differenc' : ; i .-.eeii 5 minutes, 

10 nuniiU'N, If) minutes, and 20 minutes of roin: ='sa£:,e oil stu- 

dent achievement. . , , 

Our stiuU' i-- doing tinit. Tiic. ^tndy is also Ic.jgiUnlina! ; 1 luit is, it 
will rifn .»vt'r4 years! We d<t not have dati^ on the ••ficct of* sustained 
use of computers by student> over tiiat ]KU-iod of tinu . 

The stud\' was uiirialed only last spring, and so we inive only the 

u\i»\ prvlin'muu-y sort of data'- ilo.t is, that it ^vorks. But that, of 

roursi', we knew \i\ ndvanfp. u we wouldn't have undertaken the 
>tudv.'\Viuit we.nef'd to know is how ucll it wovks, aiid how well it 

works ovrv how long a ;)eriod ..-f time, and that data will only be 

available in the later vetirs of t^M- stiidy. 

That ini'oi'nuition, when w(^ hi.vf it. will be di>eminated as well and 

as wi(hd>' MS we^know how. We hone if will afFoc t decisions -of school 

supri inleridents, principal.-, and ^ j o'- in tiicir choice of niter/entions 

tor f'onipcnsat(M'y edurati(ui. 

In tin- area of j)roducl inl'ornui: io»i t(, -r-jide Uyvwi decision nnikcrs, 

webavc establisiuMl at Ohio Stair Tuiversits a calculator infonnation 

cent^M'. The functioi.- A' the culciihitor mfonuat ic.- center are pretty 

>ti')iigiitf(U\\ ard; T ,.rovide iw^latividy expei t *ind oliuTwise neut'; 

irdbrnutt ion on rr.. 'da;o!s, and to guide f iioiees among {)nn('ipals ano 

snperiii ( endcnt- In;' : I I'M' |un'(dui.-. for seli-jo! use. 

Wo also have iui- l-s-way, some e.xplorutorx d<^vel()|)ment </* prototvj)e 

nuit jn'inatif- rwiih ihnns for calculators whi' li. we will try out with 

studciits at >furic point in ihc luture. " 

i wili nHMition.'onl\ niif other activity wl '^ . i.- an eFort less to 

further tlu' (h>^croinat ion of wlnU we know or .strongly \ispect, l)ut 

which will advanc(^ us into the th velopnu^nt of new uses of a new 

t(»chnology. 
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In thf uroa of (h^v(*l()|)intr now' iisos, you have alroafly heard sonic of 
tho new lo\v-f:ost teclniohiKios. Thf'si' i.iv. the viiloo disfis, nncrocom- 
puters, and so forth. These techiiolo^'*;es tiilTer from earlier ones, .siirh 
a!5 the 35- millimeter film, in two ways: (I.) low cost, altl: u^^h perlmns 
the eoniparison with film there is not the most a])})ro])wate onrv---the 
comparison with earlier computers certainly is; (2) a higher reliability. 
It is our sense that amon»r the factors that prevented the. adoptiod ol 
technolo<^ies in the scliool.^ are cost and . ^liability. 

Of coarse, there are others, such as ava'Uihility uf ^ou^se^\aro ami 
certain institutional and cultural factors. \Vr will be lookm^'^ at 
these new teclinoloi^ies from two points of view. (Jne, \yhat are tiicir 
possible uses? iVnd two, how can we develo}) thfse uses in sucti a way 
as to facilitate their adoption in tlie schools? 

With that I will close my remarks. x , >t i i 

Mr. Stricht. I want to talk about two ilihiMcnt themes. Mr. Meluieci 
has talked about the ai>plication of cur' en t technolo<:y. At t]\e ML, 
we.are also interested in the lar^or })rohlems that ^ve have hearc^ talked 
about here, and that is the fact that the computers are Kctlm^' smarter 
arul thev are proliferating And ni»t just -coirputers, bul ad km(\s ol 
media arc operating- on pet;,^le outside of the school. V, e suddenly look 
arounrl and find ourselves immer.sed in an electronic niediam. 

Marshall McLuhan discussed these kirn!., of thmgs. \et I thmk 
one of the most important kind of dlscovene- tluit recent fundameiita 
research on learnint: has made doesn't hiive to do nth those at all 
but, rather, with the book. We are finally -ettinjr around to trying to 
understand what has hap]>ened to us on iic(!ount r^. the book. So, as we 
rush to unflerstand the n^'w iechnoii)^^v we run along bchmd trymg 
to tip;ure out what has hapi)ene<! to us because* >^f the old loclmology. 
I think that's very significant beeause. as'Johu SecJy Brown pomted 
out, until we unfVrstand the process of {lon.pi'fduMisiOv. we re not 
t^oinp; to understanfl how comi)uters may affect ou ■ compreliension 
processes. With such understandint: we will b*' ab! ' to do a lot with 
computers, 'mufdi as we can ilo a lot with {M intcfl ma- rials. 

But as I sav, even totlay we're only l;e<^ir.ni[?- to W out p' . ;vhat 
happens to us aiui what is hai)penini: to us m the area of.prmteil 
m.aterial So I want to talk a little bit about that. I ^hea want to tanc 
about work on comprehension and, then, our co:U'^u-n. witii the larger 
socud i.-sues that have to ilo with the us:* of media in teonology m 
general and with comi)iiters s|)ccirM'ally. ^ 

First. \ want to give n couple of pei pe^ tives on how I haopeii iO Oe 
interested in this. About a decade ago 1 went to Work f' >ui a*^ .ni/:a- 
tion calhVi the Human Resources iicseareh Orgaiu/.a,iOu, . or Hum 
RRO. Our work was concerned with developmg training pn.grains 
for iow aptitude f)/'oi)h^ who were enn*ring the military^ uiidej,' th^' then, 
newlv established Vvo\i^rl lOO.OOO. . 

In^the course of thai work we discovered thn^ m add^hoi. -o ha.ving 
low aptitude- test scores, thcst* pcoi>l^ also had low s( 's -;i reavling 
and Hrithmctic tests, Tn genend, their basw <k'\U: wen very lo^^''^fn 
designing literary trainii^.g proL^rams for the.-.(' peojde w^^ eon<lucteil 
further interviews and we found out \\u\l their -•verall processing of 
informaUon seemed to lower. a.kfd them a'.)'>nt 'ne-k iids^of 
learning prnji-cts they had participatfMi in m ti\e < ouiv-e of a year. ^ 
qualify as a participant m a learmng, project , n pov^on had to spend at 
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loa>t S liours intent if)nMlly Irving' to learn somctliin^; in other word^, • 
tluiv Inul to put in a duv's work on n loiirninp; i)rojert. 

We found that \)CO])\q who srort-d b(!t\vooii the 10th and :^Oth per- 
rentik^ on the Armed Forces quahfying test had engaged in somewhat 
h»ss than 4 nonschool rehited learning activities in tile course of a 
year, as contrasted with -as many as 10 for ehnnentary school age 
(fhildren, and 7 or so for V>lui» colhir workers,- ^ i . . , 

So tli(»rc was a very h)W hn'«»l of pnrtieipation.ih learnui^g activities. 
One person couhhi't think of any. In fact, he (;f-)iild only rei)ort that he 
had spent the' year watching teh' vision. So that 'struck me as a very 
significant finding; the person is not processing information, but he 
is just passively receiving teh»vl>,ion shows and not learning anything. 

So 1 began to e.xamiiu* the hterature on mass communication. That 
hterature revcalt^l that, for th(» h'ss c(hicat(Ml people in the country, 
an ap.i)ronch had- been taken to close the ga|) between the haves and 
the have-nots by using the electronic media of radio and television 
to overcome theMiteracy barri(\r that had always sei)urated the haves 
and the have-nots. ' " " * . 

'J*he notif)!! wa.-^ that through the broadcast media we could clofee 
that ga() bv bombarding -the have-nots . with information pre.^ented 
I'lectronicaflv. Well, tlu* mass- c^unmunication rpscarch^ indicated, 
that wiiat lind hai)[)i*netl when all the electronic 'information started^ 
Hf>wing \yn> thai the haves used just as much as tint have-^nots, 
j)liis thev used the pi'inted media much more thai^ the have-nots. 

Kuitliermore, it turned out that if you asked i)eople to^ recall 
infornuition that they had leaineil from tjie mass communication- 
medisi, those j)eople w})o had learned fp)in tlu^^ newspape^r and j)rinted 
MMin-es couM rerall the knowledge better than those 'wjio got the 
infornuiti()n fnjm electrcuiic' media, suggesting tluH,. tliose j)eoi)le 
w1h> got it from electronic means would not have the information , 
avnilable if the\ had wanted to use it somettinvc. ' . ^ 
' That >(rikes"ine as a very significant kirffl of*j)robhun. We have to 
make certiun that in our attempt to use ynedia to overc^mie 
|,roI)leni> of iuecpiity that we are in faf;t successful at that.^ .Vnd it 
turns out that, ajjparentiy, with broadcast ifiedia, we don't cause 
peoj)le to |)roeess infoririat ion hi tiir^ >aine waythat they do when they 
read about it , ' i • i 

Tlmt was (uie kind of conc(u'n 1 had wlien we started talking about 
i-u'din and techn(»logy nt N 1 Iv Another coiicerii arose from going 
t(i [io;)|iin;: ernler-, and notieing that they now have these "tinie»oul" 
crnter,^, ;.iTd .the\ 're jam paf'ke.i with ele{:tronic garnes. Vou can 
rac/» car- with them, you can iire nil icinds of weai)ons with these 
thiiiL:- . rio woril pi'ol)lenis. und chei k'vour IQ, 

i wiw Mi' of ku\.. piunkiufr nuaiev iuto'these machines, paying 

l(» .jo thr kind of -tntf whi'-h you |)robahly couhhi't get a lot of them 
jo do in ^rhooi. beeause t h»>e' mifchiues were just so inviting. 

A- w.' fhnugbt al)OUt thnt a little bit more^we decided we should 
Mnrt h)oki]u^ "into thi> v, hole l>u>in'-> of media' and technolugy. 
■ \ye wf'ut out'i/) Aei(»\ \\\ VnU) Alio, twlh'r., and visited Allen Kay t'o 
>e«' ti)c kinds rif -\>t'.'n!:^ thev are working on (uiT there. 

"\Ve saw that 'tin* ^y^^tem that AMeii Kay was putting together 
involved the deveh)pineni of an entirely new 'iio.Utional system, that 
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is llic wnv llwv rcpiv^i'dt khimc on n video schmmi is' not the 
that niusir was written when all there was wa> th(^ print(M{ media. 

Ai)i)areiitlv, the nse of notes and l)ar< and hnes is a n efnl nolatiMnal 
system when von have only the j)rint<'d rnediuni. ! ut in this elee- 
troui<' nMMliniii von eonid re'p''<->^''^t uo[i^> with dot ind dashes. 1 on 
wonid plav an ideetronie oriraii into the syst.Mii an.*, it woul-. recon 
on lines—loimer lines, shoiKir lines, dotted line>-;whal "ii had 
j)lave(l. Then' von coiild ttirn aromid and take a little "turtle' as 
theV railed a control deviec, and move it around on the tabh* and it 
would juove a pointer on I he 'V\ screen. With tins pointer you con « 
.«.t retch out a note if vou wanted to make a ion.u'er note, or you could 
shorten- the note, mi>ve it up or down, or push a hutton and the 
conipntei" would re[>la\- the oriran. 

Now, this is composition of music in n w ay nobody ever droanieU 
of before, !ii fjict. as voii see the nin-ii' icpri'si-nt cd vi.-iudly m tins 
w:.v von change voiir whole concept of what inn>i<- i>. So, m the same 
ihat we had seen that the printed word was haviiu: major elieets 
by chaiiLdn;.': i)nr \-er\- wav>.of thinkini: about the world, we 
l)CLO,n lo think that these new te(dr!inlo,u^ies are iroin^ to cbanire the 
vi'rv wav in whicli we lliink about the world. There can he absolutely 
no ;i,,id)"t that when vou are able to. expniid tin\e before your eves on 
[Ur compiiler. condeiise tinir. whlui \ ou can inanipidMto objects, 
wlu-n vou can manipolate de^i-n- in shorter amounts of fiiiM-, von 
bepn to form an entirely new noli.ai ahout what is po»ilile and wITat 

is <:oim4 on in lifi'. • ' ■.' . , , r ii . i 

Let me ^Mve vou a'niore familiar < lo^«'r exa[ui)le. One of -(.he U'c li- 

noloude^ we are" fanuliMV wiili-now i^ !im.- hipn' phot o-Tai)hy. Web 

will/ that we now have .•ntiivK m-w conrept^ion- ol plant ^rowtli. 

We even think diHVivutlv about \>Ia\\\< in the h<-ld of boluny. 

Uhcn von (.hoto^raph the movement of trairK- ui and out ()l the 

ritv \ou^ce the (iiv a> a liviiii: or-ani.Mn. tie- How o! t ndhc iii am. 

thr lluw out. the pid^Mioi^. Alui xnu bcuin t (r de v.dn p V,uice pi to US 

th;i!/:ue not po.^>ihle. llial would nut oreui if you hadut HMMl sUCll 

liiON jes, . , . 'V r. 

Well, m \hr .ai:e- Wav the roinpuier. th'MU-h ih ';i'-»b\ 
inMaiitlv rcpn-etilin- id«-a^ m a vi-,oM (U' ^e.: e h.u' kuul ot display. 
|,Hr!i<-idaliy a iiovf 1 ' imt,, t iouai ^yVlH- ^rve you perspective^ 

1 1 \ (}\\ just V. ("iddti 'l ha\ e i U hrfw 

S./we took o;m' impie>^inu^ fr.uu Talo Alio baek with iy, lo the 
in^itute and n ondrred uhaflo do. ;, I. out tlij^ n-w r.unpntep I eeli- 
nnlo-v a^ Mr Mclmeii meniiom-d, (nir hud-H iMi't Hial you would 
' c„ll 7;,:,nt|ioM. for fundin- a-mcj,*.. W'.- looki-d to ^rr wl.at we were 
,i(,in- or re!evau<- .Old foimd that we v.u'e lumi re^caivh on 
r(„nmr[,rnMon of ih.- written wr.rd. Thal'^ an extiemrly Hnportant 
VUU'^K :--aiHi. thai we |,;,v- fuudrd have ONK, m.l 

AKl'A .,r,,! ii te>iilir^ to the impciiai ol ihis worl- Miai \. • . t\e 
thj.. kin.t of coiiMilidat.'d "IfoM L^omi: on in .iilhuvni ; .vii'-ie- . 

of thr impo:-^^"^ lil.i'li- about the printed hm--iia.iiV is i la, 
it ha- had ;i dr-imali.' mip.;!' upon oiu' oral lanu^ua-.'. I'-i-haps tlnil 
,l<H.Mrt -am.l foo nupi.-Mxr es.ept tor ih.- - kmd-^ e obs^Mwa t ion-> . 
Fir.t of ;dl we'Vr w(uid.u-r,l w ll^ i' 1- lliat rlaldn-n Iroin liome-^ wh(M-.| 
tli.e parent'^ are more hi-iilx .'■dur.,t.-d m.uu lo do better ii^ s(di..ol 
rhaii chiiili-en who are frt)ni lio!u<- of lr» cdiuMtr,' prople. ^ 
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... if yoii will, lluit styles 
riicy s<'(Mii to make that 
(M r i luir'(l()<*>irt ha|)|)(*u. 
ai NiuL^ from our r.oiii- 



'Vhvvr IS lurx n-M«arrli ^ll^^<I:<'^t that the lai\^j:uac,^o of Iit(Tacy 
bccoiius the laiv;;iin:^n. of ihr ^|)(^k^'n wonl in Ix^tiiT ediicaUMl projilc. 
Tlic soininal work iil this was doiu' 1)\' a ^rroui) of n'siMirchcrs at Rock- 
rfeiiiT Univ(Tsitv. Mik(» (*o1(N Sylvia Scrihiirr, and St('vcii KedrT 
worked in Africa where you eaii iiiid comimniilies in which illiteracy 
is perfectly aeccj)! able, 'ill our country it is so stijjiinati/.ed that to 
(•onipare iiliterati's with literates involves many enu)tional prohleins. 
iiut In Africa' anionir the Vai Trihc, they did lind a trihe which sonio 
2r)() vf'ars aj^^o invented its own wi'itin^; system; hi :»nly sonie males 
heconie literate. if you ^tudy the oral laa<;na;-c of th(« trihc, you 
find ihat the wonu-n who live aroiuuhmen who are Uiore literat(s have 
oral huii^ua^^e more hke the lan.^uaire of literacy . It heco.ue,-^ more 

[>reclsr. 1 1 r 1 

Now, tran.-^ferrini: hack to this country luid the [)ri)hleins of t!n^ 

lc«,«, nluc^i-tcd and the n.iore hii^hly eduealed. a hypothesis omer<;^;s' 

thai more cducateil pco'p!" sjjcak literate hue^MiaL^e to their kids in 

their very f(u-tnativc a^ies. When these chiUhMMi are a(H|uirin^: the oral 

laimuaue thev aiv ar(piirint: in fael a ver-ioii of the written lan^j;ua<;e. 
When tli.cy to sc hool and encounter ihe written text, they seem 

to iiinke Mil' transition to that style of v.'rilini 

of ".peecli. It i> literate speech written down. 

trnn-ition »'m -i'^r« i^haii chiMreii from homes wl) 
So 1 'iliink tfiat '-/one >it:niricant hypothe-i 

j;ar.>ini.- of oral and written hmir'ia^^e and ou'r study of written tech- 

noloi:\ . 

A secoiid thue^Mhat we lia ve heeii (h-coverite^^ we knew -it all uloil^ 
i)i44<t1ic r«'-cjirch" ha-, -.harpi'iieii undcr-i lUid iiej: that when .w(» hecanie 
if hiirhU- literate .o. u-ty we made a tradeoll". We do noi today devtdop 
(U-al lamruai^e com peli-iicie-, that\-. the cuni jjetencies that are sl^^- 
nifii'anl if (nu* live-, in an or;d -orietv. 

Mr. Wm.rs. Ivxcum- me. If 1 may leap ah'-ad. Are you su<:^^estui<i: 
th>it .-.omidiow there w th.e |)Otential for t he comjuiter in providiii<j: 
whatever a-.-1-lanc'' or ('omijlementary fuiK'tion it |)rovi(h's Jop ;^he 
teaidirr -lo >uh-.{i-^ute f-r the ah-.eni'e of heinir exi)osed_ to- literate 
lam^uaLTe at an carU iiircV 

' \Ir. Sinn i , 1 wa^i't iriiuej; to do that. ( )n the otlier hand, certainly 
if vou have computer-, ihat can hi- Iu'oul^Ih into the house ami you 
eail -v^teitia! !c;dl\' r\pii-e kii!- to that, it wuiild he heli)filh 

Mr. Wki.i.-. A- we talki'd -hont yi'-tenlay. every harrlo in Pinu'to 
' i{i, M ,uid 111 all ma jor ci! a-- h:i ve te|e\ imoii . in iiliiit)-t every liousehold. 
I hope \o)i are noi i h'serdu ii:j: a hopeir-.- -iluation. 

Mr. .->in Mr. I wa-n't ai tempt iie:: What 1 wa> froinir to say is, 
I think the Mluatioii is now more hoprf.d. But 1 (h-l want to carry 
1)11 With ju-i iMii' m(H'(^uh-"r\;tt ion Mi)niit the trade oil' of -kills. 

When we lMM'(»ii!e Llerad'. :>Ti'i when kid- -peud 12 or (heir formative 
vear. learmm: l'r'>m l)ook-> we liave piiri)o-e!y mu taue;ht memory 
"eontn*!. 'i'hi- wa- alw!i\- a eomponetn f)l' rhetoric m chi--ical tinii^s. 
(1a--.ical ihctorir iivolvi'^ how to ediirrol y 'lr own iiauiiory. 
know, that when \oii hr.nu' 'loet hite_^ iiito .\oiir UH'iiiory to think 
jihoiit now. \"u h',i\e t" [ill! \\h!(t'Wa- lu \<>ur con-<'ious meuKUW. 
."-^(miet line- \oi| are. \\\rUy \\ y>\\ .ill -o hack and tiud what wa- in 
\oiir im mor\ hefore. I jn'' iime-wi' hnvi' idl had th(«-e kinds of ex- 

()eri'mee>. 
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Well, in forniiil rlM»tori(i one. whs tatio;lit nioniory control. These 
things were known tec hiii cully as niii(*rnonic systems. Wo don't teach 
that today in school. We don't teach the rhetorieul devices of declania- 
tion or emphasis to make a point in another person's head, to make 
them remember something. 

So we haVe deemphasized memory, and why not? So the book, as an 
external memory, ha.s led us to ifi;nore. to a larg(! extent, purposeful 
training of memory. This doesn't mean that kids donH devclon such 
systen\s. Part of our research is discovering \vliat it is that peopiij wlio 
turn out to be smart have been doing, and wc hav(^ found that they 
have been discovering on their wa}', sometimes accidentally, how to 
control their memory system. 

Well, this pervasive' infhience of the written langmige affects us, I 
think, in other ways that we're not too aware of. Today there i.s a great 
rehicta'nce to tunphasizc tradition. Vou ciiri go to a clerk and be 
married. Earlier, you would have had a big ccnMuony. In riiany 
native American Indian tribes they began l(j deeniphasize ritual 
several years ago. 

Now, MS Alex Haley has "poirited out in his talks, when he \vent 
back to his nativt^ land he encountered a person who had nieinorized 
the oral history. But that person could only give the oral history whan 
a tirum was beating. He also gave the history according tojcey events 
that had lia{)pcried. So we^ can make the hy])()thesis that tradition, 
rituals, antl use of ■[rhythmic] drund)cats are umemonit: devices that 
are useful in an oral society for keeping track of history. 

It may follow tluit our r-'liance upcui, the written language has 
lessened our interest in ritual and m traditioiL. It may. These are 
hyT>othetical statements. 

Aly point in th(^ above discussion is this: If we begin to move 
towards a new te(dln(>log^" we have to be awar(^ of its influence on our 
culture. Just as we'v(^ ordy recently really begun to beconu' aware of 
what happened to us with the written language, we just must now 
understand electronic • and couiputer 1erhnologi(»s, so^ that we can 
deternuru' with some purj)o-'' wlu'ther we wish t(> have a skills traih^ofl', 
if that becomes a matt^T of fi'Ti^ion. 

Secorid, if in fact uew media teeluu^logy |)ermit brarul new nuxles 
of thinking, we need to be able lo identify and specify them so that we 
can train childrt'ri ellicieutly. St) at the \ 1 10 we are funding research 
on understanding the difference between the written an<l sjjoken lan- 
guages. We have bec(.>nH' av/jire of the emerging revolution in eoni|)Ut(M* 
tecdmology u-es in education. We are trying to get on top (^f that 
revolution. 

We've (leeid(Ml it might be imj)()rtaut to do some solid thirdviug. 
So we have pi armed, for the ue>;t year, a couple major confereiu^es, 
one on the enst* e.oast, one on the we>>t coast and perhaps, f)m* other. 
The itlea at these conference^ will be to bring tt>gether |)eople such as 
have been here and (>thei- groups of media, who w^Kim! helj) us {)lan a 
coherent program directe<l toward a better urider^t juuling of the 
miture of fomprehen-^ion and how to represent it in programing. We 
cotdd then, in fact. nudv(» lho>e :-nnirt ronij)Uter> t ha t . p<'Oj)le want. 
S(M'ond, we could d*'vis(» a pliin of research to help u> unth-rstand just 
exactly where tlu* new ief-lunvlogie- ai-e taking; us' and how we can 
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make-whatever kinds of afljustinents we would neerl to bring about 
changes in f>nr ischooling and in our education outside the schools. 
Dr. SwANsoN. Thank you. 

This que.-^tion has been ai^ked of me several times by Congressmen 
on our subcommittee when 1 was briefing them unrl also by some of 
our earlv v/itnesses, especially people connected with the public school 
systems! Basicallv the question has two parts. One is a disseminution 
part and the other is an evaluation part. 1 know both of you gentlemen 
have had experience in other Federal agencies around town and so you 
have a feeling for wliO has what tyi)e of programatic responsibility, 
either dissemination or evaluation. 

The first half of the question, tlie dissemination question, is a 
schocl superintendent comes to us and says I want to use this kind of 
technology in my school district. My school district is not eligible for 
title r cr^ESSA* funds or any of those .optitns. It is a middle class 
school district. But on the other hand, he iiruls himself like all school 
districts in a fiscal bind. lie cannot splurge on this type of technology, 
lie cannot go to HEW and get categorical grants to fund his CAl or 
( 'Ml project, even though he is willing to do this. 

1 assinnc ituiovators out in the field like that are necessarily people' 
that we would all like to encourage. Second, he cannot go to NIE 
because he i> not a sfiholar or researcher and he is unclear about the 
demonstration ()T)tion^;. He cunnot go to XSF because he is not in 
research. What do we do id)out this kind of person wlio needs on the 
order of $750,()n() a year which is « large-si/ed chiuik of money espe- 
cially compared to the average rcM-arch grant that comes out -of any 
of tfiesii ugencies'.' Wlierf'^loes this mun get his money? Is this a justi- 
fiable expenditure of Federal funds in terms oi a dis.-emination model 
of this technology? 

Do we fimd this guv and if so where should he go to get his money: 
.\lr. Mki.mki). To the best of my knowledge, in U.SOE or NIE we 
do not fund the jjrincipal or superintendent that you luive described, 
lie inu>t -oru'^how trv to lind tr.e necessury funds in the. local budget. 
He is irdilbited from doing that i)y the fact tjiat in mo^jt jurisdictions 
scho(ds caluu>t l>orrow ai:ain-t the next year's approi)nations. So he 
must be innovative and creative in many ways if in fact he is to suc- 
ceed in getting e(iuij)menL into his school. , 

The cost of ('(luipment is going down and $750,000 is porhai)S a fair 
aniount, mf>re than he needs to get started. ' i • r 

In fact, 1 belicvr' a critical rdement in the widespreafl adoption of 
these tefdnifjlogies in the schor^ls will be the continued reduction in cost 
whidi the private sector does, happily, seem to be determined on 
providing us. As to whether funding for efpiipment is a Federal 
responsibilit V or not, well, I gu^^ss that somehow gets resolved lU the 
pf)litical pror'^^ss. We are pavuig a irood deal of attention curreutl}* to 
students at^ the lower end of the (listrii)ution, the deprived end dis- 
advantaged student. Occasionally,' i)rogranis appear that deal with 
the exceplif)!ial child at the upper juid f)f the distribution. There is a 
program for the handi'ap|>rd at this time. But my guess is that those 
programs nltoucther dn leave otit tlu' very substantial number of 
students that "fall in the middle of thr distribution. Observably, they 
make progress in any case and that is perhaps why th(\v get less 
attention. 



3sn 

Mr. ^V^:^l.s. I-^- Umtc imt n ln-ond M!ial<><ry, t^o. in Hrfn; tho 
''(Mieral ( i<)\(TiiiU('iit lui- iiil<Tv«*iMMi when it lin-- i)('rrri\-<'(| n riiihcr 
ir^<'iit jjroblem as fur a-- tli<- >''lio(»i Iuik-Ii pro;^rain> at n \'<'ry ('\t(Mi>iv(^ 
(•vol linaiu ially. I> llicH' not a ni(>ii<*! li<*n* that at least <»n an iiilcriiti 
)r <».\|)cr*iiiii'iual i)a>i> tlici'c \v<;ul'l \)v a r<«h' for tin' I''<Mi<'rai (lovcrri- 
lu-nt to iff li'i'VfTir to ill <'(r<M-t iifMU'i-li tin^ iniinl a> well as tlio body in 
LPcas u'lirrc skrj)ti<:al <>r iirikiiou'lf(!'_n'al)!i' >cImm;I hoar<N iia\'»' fears 
iimI the iiii.utel f)f terhnolot^y i> a \cry stroti^^^ly iiihilMt iutj; inllnenee 
)'ti the intnxiiict ion of >onn* of thc>e iilea^ ami indeed a \ ery itieflii-i(»nl 
viiy perhaps for eai lj iruli\ idiiai ^rl)(M»l di-iri<'t to hav<- 'o \vori< out its 
}\\'\\ approach to (ieidire^^ with \vir:l is i\ iiatioruil -et of j)rol>lenis, a 
latjonal >et of pnrjKJ-t's and iij)lio!:al t eelniolotry . 

Mr. Mklmki). We >eein Hot to hr >t ru'/'triini^ ten well with the 
ej)aration of pow^-r- tinn th<* ( 'on'-i it ut ion ()r()\'ide> in the area of 
Mhif-atioM. ( 'ertainly. tin- .-< Imm>U n<*e(' rnoiie\ nnd tliey will seek it 
roin e\'ery 'po»il)ie >oiir(i'. Indred. it ii p|)ear^ t o :u<', >p(*akin^ pei'soi!- 
dly. that in faet tiie ( 'onL''re>s ha^ >oiiLdit way> to make in<;n(\\'s 
lVMila^^^ leanin^^ on whatever lejj:al ari^nun<'iits it caij lind. 

A> to whether llir -rlnjol Inneh i - a j>;;ec(Mleni . a;ziuti, >j)eakiii^^ 
)ersonally. I v-o^ld liki* to^ee tiir wi(h-.'^i)r<'a'i-.nM' of < oinj)nters in the^ 
<-hof>l>. 'I'hai ir in\' < \vn jnd«„rnient. even whtl'' it is not ahsohiteiy 
•lear and i/r.'- <afinoi pinp<.int the ah.-ohue iMHivht- of ax'ailaljility 
>f conipnter- to -t iidf iit-. Tlu-rc iiav<' hcc;; a fair niiYh-bl'i' *'f t'-^^Tfiplars 
)ron^dit hefore t|M' eotninjt trc*- atimtion. I think it w<aild 'le a useful 
Old de.-irahl" in\ c-t ini'Ht iff finid-. I'ut.. wlici lier -eliool Imieh wotdd 
)e a preeedenl, I nin wtuihl*' to -ay. 

Mr. l-'ollowiiiLT I Id - up. if t h'-re i^ orn- ihinirthai >erinstol)e 

roiil)linir in tcrin^ of eliildfcn we .-•'cin if* Iimv- l»eat<Mi itntritioa as a 
najor prot)lein. We j^i-t iini-luMl -'wne week- hearin»r-3 :>howin_<: that- 
In* inalinitrit ioii wincli cxi-tcci widrly a (!e<'ade a^o has J^een 

artrei\- rTadi'-ated exccj i fiM' \ariini- pinket-, not <-()nline<l to the 
M)illli hut t hrrilLflloflt \ part the rounl!';.-. nuL'^rant \\f)rkers, 

•t <:<*t<'rji. and the nutinr pr-ohlcni :;i»w i- ol)c-it\. 

in a tiecade nf jnteii-iv*- Work w' li:i\»' in •.'HVet -olvod a major 
)ro!)leni of mainut rit ion l»y intcrvi'.'dn^r at the -clionl h'vel and tiie 
'IderK h^ve! with M*'id- on WIi'm'i- und ;h"M' kind- uf end»'avor>. 

I i^nie>> w hat we're -t ruL;i:hn _^ foi' i- -ome kind of le^^i-lat ive. pro- 
r'rammalir. acr<j^--t !)»'-l)oard itfie'dy (odea! in ndx'aiM'i- with what 1 
hitds wi;ii'- -e. ciau'* hefore '1- here jind iris'en. I think, rather 

•on\ infifei- oj)ti(>n^ tlnii lin' \'i-!'Lre of aootlier revolution in 

lu' edueational >y-teiu and iiiihi-r tlum -imply letlim: it happen to 
i>ma\i)e we call iret at h'a-t a up o' ■! nud devote>iMore resources. 

i iiM)|.: at. \our budirct of s.-jT iniHio!: with si.T) nhllion devo!ed to 
iir impact of f Miripii(-rr^ »>i) i •irninL'". I :dmo-t threw npjn>' hand-. 
A'e MULdil }i- well '\n[ \\u\r a ,; . h i- ahnt.^t w:i-tcd. I think \\r had 
c>timon\ \ iv^.M'fd ,\ 'fnuM I>i'. I^r'".\n it w ;i • hr. r:i[>ert'.^ we ha\-e 
1 l.(l(MKfo(jt can; .'-1 jmd I.IMMi pi-. /[<•. jirni cnch one c<f them take> 1 
oot in oi-iha- to ;\ii'<p--. Aiid fh;i;'- the w;i\ W(''re doiiiL' it. We are 
o iViurmen I c( I ill ^wr n-n-ari li -'n'ort - I ! i ;i • w (y/et m>wherc, 

i |oj,k ;it the •k'-I-^ hiidu.'t of .so.; n, |Uf,"ir I < h- c ani»u t iT-n'! a t ed ;,ini| 
.( M'uce ♦ hicaln-u with roir^dd;. 'J'^" irr/ii:t-. -i; v.r'ic -prakin^r on the 

u'dei" of .sr)On.i 100 pri- irv-.ww . 

\ ■ 
I 
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I am troiiljU'd tlsul the s<»v(T(' frii^iiK^iitatioii is ^oing to slow u.s 
down. If wr vnn't ^ct Inr^T resources, then perhaps w(^ should con- 
eeiurate on certain priority areas and come up with some sequential 
way of tackling these problems. We discovered as we contacted 
people for these hearings t"hat you seem to know each other and there 
is u certain itifornud comnnmity. But is this eommunitv sufHciently, 
integrated and knowledgeal)le to ncX as the agent to select priorities 
or cj^ we need a more formal agent? 

Sir. Sticht. Let nw. comment on some of this. As I said earlier, we 
have, at least m my own case, put a lot of thinking tc^gether in the last 
year and liave conchided that we had better be doing something in 
this area. Of course, the first thing tliat needs to be done is planning, 
and so we do have some |)lanning activities, as I mentioned, that we 
hope to get involved in I tliink that Seymour Papert's paper contains 
some iileas ahin^r this line, too. 

It seems tame* the.e has been a reduction in Federal interest in the 
whole range of media in technology, [)erhaijs most of all, in computers. 
It would take, I think, a major k\n^[ of Federal effort — a commission 
of some type- lo l)ring a high level of" visibility to the problem, and to 
miik(*-*H)me fairly hirge-scale recommendations. 

I, when feeling a little more generous, could almost immediately see 
what to tlo with a half billion dollars in the nc.xt decade. There would 
be no doubt \u rny mind that we could (^stablisli responsible centers of 
excelle ..e that could |)rovide all kiiuis of tec hnind advice as well as 
perform v(M'y basic kiruls of research, to df^velo; smart computers. We 
could do it . 

Mr. SvvA.vso.N. Bc'^idcs that, it seerns t(j nu' we need some more data 
base. That !> what 1 wanted to ask Dr. MeinuMl as to the second half 
of mv earlier (iu>--t'on. The first h'df is about funds, and the second 
half \vMs askivl by >everal nuMnbers of the conuiiittee, given this 
disimrate -ource of funding for computer.^, the categorical grants and 
( Wr^ springing u[; ' ^^rc and there and the drill and practice and some 
pco[)le havifur denuMi-t rai h -ri projects. The congressmen a^ked me who 
fuiniami'UtalU- wa> Chargru w^th evabiatir^ir the ini|)act of that pro- 
LM'am. I >aid, well -evei al peoph' are (h>ing >yst ernatic evaluations, but 
, it seems to me that the evaluation has been fragmented and scarce as 
. ()pj)osed to -v>tematic and cornpreheM.-i v(;. 1 think he. felt that there 
seemed to b/' a lack of roordinatlori orju'tive de>crij)tion of res[)onsi- 
bility amont: the differenl agcnrie- over wlui had the charge to provide 
evaluation. 

I was wonderuig "f you c(nild comment on tliat?^ 
Mr. M KLMKi). 'Hiose are ^ome pret ty large (piest'ons. 
I could make perhaps three or four j)oints. One is that we turn out 
to be mufli Muarter after the fact. It is a trite statement. That is, it is 
ea-'er, 1 tluiik. for all of u- to (h'al wilh'a clear and pressing [)roblem 
like nutrition or obe-iU' than it i> t' deal with a hope for the future. 
.V[)j)arent ly, it )> muclTea-ifr I'nr u.^ a> a" Nation to deal with the energy 
problem a'ft.er the oil tap has Ihmmi turned off than to plan for the 
future. 

In term.- of fundiuL' h^' tin- area computer^ in education — [)erhaps 
vou. have to divid" ii into;researcri and (development, and evaluation 
'and dissemination. We ought not let those two categories of activity 
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get too far iipart; lliiit is, ilier(^ is no point in liavin<: inrtrvcloiis sorts 
of technologies at the ethieational frontiei' if we h»ave the schools 
further and further behind. 

I think fumling for n»searcli anrl doveh)pnient hiis traditionally been 
distributed in the Federal Government, })artic\darly for ba^^ic research. 
For example, the Department of Defense, th^e AK(\ NSF, and NlE 
have all been sources of research funding. Faculty and the univer- 
sities prefer that distribution model. Tiiev observe* that agencies of the 
Feileral Governnu.>nt follow trenris, and they are concerned that if 
they don't work in the area of a currcuU trend th(»y will not get any 
R. & D. money. i • i 

I think it would be unfortunate if that scenario liai)i)ene(l. .So I thuik 
the notion of having multiple so\irc(»s of R. c\: D. fimding is })robably 
a good thing. It is i)erhai)s se(»n as slightly in(»Hi<'i(»nt and wasteful, 
but I think a certain anu)uut of rediuidaucy is a saf(»ty valve in terms 
of advancing research. 

On the matter of evaluation and dissemination, 1 don't know that 
we have thought our way through that issue. We are now considering 
how to keep the schools from falling too far behind. Oiie naturally 
answers money. We have tried that solution but not very s\u'cessfidly. 

Another is.s'ue is that schools have students and teachers, and even 
if students are readv to try new things, perhaj)s teacliers are Jess 
willing. It is said that teachers teach the way they v;ere taught. They 
weren't taught with these technologies, an(i they pn>fer not to use 
them. Perha[)s as part of a strategy for disstMuination, we need to i)ay 
some attention to the training of teacli<»rs. Given declining enroH- 
ments in the schools and the slow rate of entry of teachers into the 
school system, that training may need to take the form of inservice 
training as opposed to presei'vice. 

Mr. Wells. A1, the Summer liLstitutes which have been recently 
instituted — or at least — do you have your proposals out now? 

Mr. Shin We have made the first awards a few months ago. 

Mr. Wells. Are any of these awai'ds going to be in the area related 
to computer assisterl or conii)uter numaged education? 

Mr. Shin. We have \n\t a heavy emphasis upon the disciplinary 
instruction for the sciences, rather than in methods of teaching. There 
may be some who are bringing in computers in some way, but I tloubt 
it very miieh. • i i • • 

Mr. Wells. Would this b(» coni[jletcly unt(»asibi(» to consider this m 
t<>rms of guidelinc»s for future institutes? 

Mr. Shin. W(^ have some diref;tion in the l(»gislation that, establishes 
those. 

Mr. Wells. That could he changcMl. 

Mr. Shin. I think fioni our standpoint we w(uiUl want to seek sonu* 
sort of balance IxUwchmi emphasis on curriculinu and nu^thods of 
teaching and emphasis on (lisf;i|)linary knowledge*. So the answ(»r is, 

sure. T ! I 

Mr. RuTHEUFOun. 1 would like to support that. I think teacher 
training is essential. Vou have t() nwiKMulxM* tht» language labs. There 
was money available and so the high schools tooled up with a proven 
device ior'iui[)n)ving inst rur^1ofvi,M foreMgu language*. But by and large 
it didn't work. The* labs niv not being used any longer and loreigii 
language instruction is still t(M-ril)l(^ in the Unit(*d States. So it isn't 
just piitting the money out there. If the teachers do not understand 
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coinputiTs and do not have the piojx'r kind of support, computers 
won't work educationally, 

Mr. Wells. Doesn't this back to the l)asic prohloni that tlie 
Armed Forces stiutr^ded with over a number of years of trying to 
determine what are the b(St ways in which one can teach a foreign 
languag(> to an adult? Aiul tlie (\ssence was that we lacked sound 
theoretical bases on which to const met foreign language instinct ion 
programs, so we sliifted around difi'eient metliods in tlie labcratories 
and we still don't have a good theoretical concei)tion of how does onc^ 
learn a foreign language. 

Nlr. Shin. Or anytliing eUe. Pragmatically, the armed serv!':es did 
discover how to teach foreign languages (piito efficiently which was a 
source of the idea lor the labs. They could surely have been used to 
better i)uri)ose than they W(M-e, as it turns out. 

Mi. G.\ll,\giiku. Carrying a bit furtlu-r what Mr. Wells mentioned 
as to vour budget of $1.5 million. I note when you oi)ened up your 
remarks you spoke of the electronic-iid'ormation-liandling explosion. 
Well, obviously, there won't be much of a bang for $1.5 million. 
That's alnu)st petty cash. What do you have in mind, ii 1 may ask, at 
NIK for the ni'Xt fiseal year? 

Mr. Mklmei). On the last page of our testimony, I think we state 
that we don't plan during Uie next 2 fiscal years to lauiKth either the 
demonstration and evaluation of new large scale i)rototyi)es or broad 
(curriculum develo[)ment starts. As an agency, we i]iust try to address 
tlie entire educational arena. It is very large and tliere are many 
problems of different kinds. I remind you of something that you must 
already know: 'i'hat as an economic sector education lias gotten to be 
a very large one in the country. Its size is, perhai)s, $120 billion. 
An agency like the U.S. Office of Education, I think, operates with a 
facilitating budg(>t of j)erliaps $0 billion or something like that. 
There is a ratio of about 20 to 1. ME's budget is about $70 million, 
and $() billion to $70 million is about DO to 1. 

In otluM' sectors the amount of money avaihible for R. & D. is 
substantially greater than what it is in the e(lucation sector, where 
it is less than 1 percent at this time for all areas, IBM si)eiids perhaps 
5 i)erceiit of its gross on research. Well, education is down at about 0.6 
l)erceiit, if my memory of the figure is correct. And, obviously, only 
some fraction of that r-an be (Unvoted to this area of (!om|)u'ters in 
ctlucation. 

Nlr. Wells. We will be following up with some written questions. 
We want to pursue the idea broached yesterday, the idea of a Presi- 
dential Conunission or some kind of broad conference. We have not 
.settled on this, but we will be following uj) for suggestions along these 
lines. 

Mr, Seheu(M' has not yet committetl hiuL^elf to this, hut there is a 
model for us in the legislation of the ( \)mmissi()n on .Vutomation 
Technology and the Economy, which took [)lace in the mid-sixties. 
And it just may be that the time is right for this sort of thing in the 
computer learning area. 

Thank you very much. 

Our next witness is Dr. Harry O'Neil, the program manager for 
(;yberncti(t teciuiology program of the .Vdvanced Research Project 
Agency, 

[The i)rei)ared statement of Dr. O'.Xeil follows:] 
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Mr. Chalnnan and Hep.bcrs of the Subconiialttce, thank you for tha 



opportunity to testify. 



My name is Harry O'Nell. I an a program manager at the Defense 
Advanced Research Projects Agency. 

Defense Advanced R^asearch Projects Agency (DARPA)^ 

DARPA Is entrusted vlth the corporatii research function of 
the Departaent of Defense. The Secretary of Defense, like his corporate 
counterparts, needs a flexible organization such" as ours, reporting at the 
highest levels, working at the cutting edge of technology, and not, encumben 
by vested Interests or missions dogma. DARPA selects its programs based on 
the generation or emergence of a new technological approach or idea which, 
'ver the long haul, could lead to a major 'oyoff in national security. In 
•■^'Jdltion, DARPA serves as a technical Latalyst to take a fresh look at 
^'.tlvitiefl in older areas where initiative is needed. DARPA exists to 
^C^nerate, focus, catalyze, organize, execute, evaluate and transition to 

Services proven concepts. These can form the basis of development: 
>''''Rrara8 that we feel can make a major difference In national security. 
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Kajor thrusts of DARPA's program Include areas such as space defense, 
arid undersea surveillance. In the ps-M ^ D\RPA's efforts have been almost 
exclusively focused on increasing - id performance. In this era 

of tight budgets, however, DARPA the challenge of reducing costs 

as well as inproving performance ing the cost of national defense 

IB a major DARPA thrust. My pro^... ^^--i-s^J training is an element 

of this thrust. 

Why have we chosen to focus on computet d training? To answer 
this question, I will provide sonc background regarding the Departnen!: of 
Defense training and research environment. 

Department of Defense Training Environm^; V 

The U.S. armed forces is typified by highly sophisticated weapon 
systems requiring extremely competent individuals possessing both a sense 
of mission and dedication to the task". This force requires almost constant 
updating in narrov fields of advanced technology within the Department of 
Defense (DoB) . Formal training is the major means of updating these 
personnel. During FY 1978 it is estimated that 2A8,89A student/trainee 
personyears or over 1 million officers and enlisted personnel will complete 
some form of formal training at a cost in excess of $6 billion^. Student 
pay and allowances account for 39Z of this figure. 
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Training in DoD is further c!iaracti:ri::ed by personnel turbulence*. 
For exar.plc, in FY 1977, the annual pcrsctnicl turnover in DoD was predicted 
to be approximately 20'i, or ^11 ,000 individuals. This n:eans chat DoD 
annually recruits and trains a work force of about the same size as the 
Ford Motor Company (A16,120 personnel world-wide). 

DoD has been caught in a dilen:r.ia sinilnr to that faced by other 
manpower- and techno logy- in tensive organizjtions. On the one hand, j'.re.iter 
technolosica! eonplexity induces knowledge obsnlesence at an increasing 
rate. Simultaneously, the conpeticion for decreased recourcen is exascer- 
bated by incriiasing manpov/er costs. . Tor example, in FY 196A, nuinpower costs 
represented ^.77. ( $2^ . 0 bil lion) of the total defense spending. The sane 
per^>onnel costi; in FY 1 977 we predicted to represent r.ore than 577. 

billion) nf the total hudgi't. f^incc 1968, the real buying power of 
the defense budget in terns d[ coi;i;t.int dollar:: has decreased hy ^5;:. 

To deal with these harsh real itles, and to insure no lessening of 
defense cipability, defense planners have tried to hold the line on 
personnel costs. I view educational teclinnlogy as a moans of reducing 
such costs and ay a method of increasing training effectiveness. 

• In fiummnry, certain central issues in defense control the 
development and appltcaticn of educational technology for the conduct 
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of an efficient training establishment. These arc: High personnel 
coses associated with training as we pay both students and teachers; 
Increasing sophistication of our weapons systems leading to difficulties 
In operating and maintaining such systc:ns; The difficulty or impossibility 
of lateral entry into the Services. For example, we do not recruit Generals 
from Ford Motor Company executives; and finally, personnel turnover. 

In addition, certain broad policies overlay DoD planning and execution 
of training. In general, the policy is to provide the precise acaunt of 
formal individual training necessary to satisfy the requlrenent. Implicit 
in this approach are the following constraints: Training courses arc 
designed to impart necessary skills nnd attitudes with a minlmuni of 
Instruction; Training vhich can be accomplished more'econoraically or 
effectively on the Job is used in lieu of formal r.our«es of instruction. 

Against this backdrop, military trnlnlng m-magers and resenrche-s 
seek efficiencies. One method is the use of educational technology. 
Advancement in the statL'-of-the-art in this area seems to offer the 
greatest opportunity to meet our training requirements within ever tighter 
fiscal constraints. 
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Department of Defense Research Environment^ 

The majority of DoD research and dcveloprr.cnt in educational technology 
lo directed toward development of a technology base for designing alternative, 
cost/effective instructional delivery systems, rrograns are directed 
toward rcducinj^ costs It: school settings and improving effectiveness in a 
small-group, high-technology setting. The undesirable aspects of moving 
large nur.bers of individuals to training centers are countered, vhen 
possible, by updating and upgrading in snail groups in place. A wide variety 
of R&D programs are currently being pursued or developed toward these 
ends. 

I believe that computert; will be llu- cornerstone of DoD educational 
technology in the foreseeable fuLiiro. Any large organization with a 
significant training budget could not fail to be fascinated by the data 
suggesting that up to a hOZ reduction in traininj', tir.it; is possible while 
realizing equivalent mastc-ry using conputcr-hafjed instruction as opposed 
to traditional instruction. 
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Instruction of unifornly high quality is possible with computers, while 
realizing a long-terra goal of DoD trainers to distribute training to students 
rather than to distribute students to training. Through centralized updating 
of curriculum, many logistics problctiiii ane avoided. Further, we expect 
electronic transfer of information to be clieaper in the 1980 's than paper 
Cransralssion of information. 

Because of the nature of the military training cystem, R&D on computers 
in education and training has focused on three areas: (1) reducing average 
training cime through techniques which permit instruction to be individually 
tailored to a wide range of student aptitudes; (2) reducing the demand for 
"people Involvement" in the design, development, and oporntion of military 
instructional systems through computer support; and (3) providing realistic 
job-.'clated experience u.^^ing relatively low-cost computer-based simulations 
as substitutes for high-cost operational systems. Reaching these objectives 
requires that data at all levels of prototype and system functioning 
be obtained and serve as the basis for tlic design of improved lollow-on 



The major thrusts in DoD of on-going and planned efforts include both 
the development of new computer-based sy5;tenis specifically tailored to meet 
particular training requlrerrients and the evaluation of existing systems in 
railltary training settings. 
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In view of the substantial cost of roost systems, the design and/or 
selection of a particular systeca configuration for test and evaluation 
is usually based on a coniprehensive set of trade-off studies and economic 
analyses. These various systems represent a wide spectrum of hardware/ 
software configurations, functional capabilities, and instructional 
approaches. Taken as a group, they provide DoD with representative 
samples of the current state-of-the-art in computer-baocd educational 
technology. The major configurations represented include a large-scale 
CAI syrtem with a central computer and remote terminals (PLATO IV); a 
dual mini-computer CAI system (TICCIT); a multi-mini-computer CMI/CAI 
system (Computerized Training System, CTS) ; and a large-scale multi-media 
CMl/CAl system with a large central computer (Advanced Instructional System, 
AIS). 

Both CTS and AIS are being developed specifically with DoD funds as 
functional prototypes for the Army and Air Forc_ respectively to meet, as 
general instructional delivery systems, particular training requirements. 
PLATO IV, on the other hand, was also developed with other government 
support. TICCIT was developed predominately with olher government support. These 
systems are nevertheless being used and evaluated in selected military operational 
training and R&D contexts. All of the systems are being evaluated against 
criteria of instructional effectiveness, technical characteristics, and 
cost. Evaluation results should be available at the end of FY78. 

All of the Services are utilizing the data and experience from previous 
military and civilian R&D efforr.5 in computer-based instructional systems. 
For example, the design of the Amy's Project CTS, which uses a multi-mini- 
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computer concept. Is based upon several years of experience using the IDM 
1500 system as well as an analysis of the TICCIT system. The AIS, on the 
other hand, borrowed heavily from the PLATO Project for Its hardware 
infra-structure and from the Navy CMX System for its general approach to 
Instructional management. There are an Increasing nuT.ber of operational 
systems which may be used to provide R&D Inforination on operating capabilities. 
The Navy is evaluating information from the TICCIT system In an on-the-job 
training environment (i.e., crew training for a jet anti-submarine warfare 
plane). The result of this evaluation will determine future applications. 

With this background regarding both DoD training and research environment^, 
I will now outline our research program. 

Cybernetics o f I n s t r u c_t 1 o n n 1 Sy s t en i s 

The program I direct Is called Cybernetics of Instructional Systems 
and has as its goal to generate ,in instructional technology base that will 
lower the cost of training and provide instructional strategies which could 
lead to E'lperior training without increasing costs. As was outlined earlier 
DoD training costs are estimated in FY78 at six billion dollars per year. 
Fifteen to twenty percent of all DoD personnel are in training at any point 
in time, and most training costs are asGoclated with student and instructor 
pay and allowances (37%). Thus, If we can reduce training time, we will 
reduce training costs. A major advantage of computer-based training systems 
is that they reduce training time while maintaining equivalent levels of 
performance compared to traditional lecture/discussion typo training. 
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DARPA research efforts in this area complements the activities 
carried out by the Services in several respects. Where the Services 
nust be concerned with inanediate requiretaents, DARPA focuses on emerging 
technologies and their potential applicability to the more general problems 
of DoD training. Second, our main focus is on searching out uniq\;e tech- 
nical ideas which, if successful, would have a high impact on. DoD instructional 
systems, but are too risky for any individual Service to support on its own. 
Third, DARPA acts in a catalyst and coordination role by encouraging and 
participating in the solution of tri-Service problems,* Computer-based 
training systems are such a solution to tri-Service problems. 

The technical approach followed in my program has been to exploit 
computer-based training systems in three areas: (1) the devalopment of 
prototype computer-based instructional delivery systems to reduce costs 
in the design, management and operation of military instructional systems; 
(2) authoring research which focuses on reducing the time and cost to 
produce high quality computer-based Instructional materials; and (3) 
instructional strategies research which focuses both on the reduction of 
training time and by relating characteristics of individual trainees to 
instructional content and media. 

Our major investment (approximately $^M) in computer-based instructional 
drllvery systems has been in PLATO IV. This system, developed partially 
under DARPA support, is now commercially marketed and la the most advanced 
system of its type. PLATO IV evaluation results at Chenute Air Force Base 
indicated that the system itself is highly reliable (96Z uptime'^: that 
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system response time is well under a second with a peak load of 450 students 
system-wide; that performance of the PLATO IV group was equal to or superior 
to a conventionally trained group; that time savings, compared to conventional 
curricula. Is 40Z; and that student and Instructor attitudes are very positive. 
These results replicated prior findings at Aberdeen Proving Grounds. Our 
prior results, in addition, indicated that PLATO IV lessons were more signifi- 
cantly more efficient and effective than either programmed < instruction or 
audio-visual materials. 

In FY77 we have completed our demons tratlcn/evaluation of PLATO tV . 
Our general conclusions are that It met all performance specifications but 
that the high costs of terminals and telecommunications indicate that the 
system would not be cost-effective for DoD-wide adoption. The system will, 
however, remain as a valuable research vehicle in DoD contexts for computer- 
based education and training. 

A major problem was identified in the field test cf PLATO IV. This 
is the observed difficulty in bringing authors who use these Gystems to the 
level of competence needed to produce good curriculum materials in a reason- 
able time at an acceptable cost. This problem is especially acute in DoD 
because of the high turnover of authoring and instructor personnel. The 
problem is independent of type of computer-based training systems. Thus, 
DARPA*B major research thrust for FY78 and FY79 is a program called Authoring 
Aids and is designed to reduce by 40% the time to develop validated curriculum 
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materials. Subject to Congreaslonal approval, ve ".xpoct to invest 

approximately $900K in FY78 arid $800K in FY79 in this project. 

We expect to have a validated authoring system for DoD-wide use in FY80. 

Promising approaches to authoring aids include job performance aids 
to guide lesson development, and use of intelligent, computer- 
assisted instruction techniques. State-of-the-art gaps include lack of a 
technology base for selection or training of authors, lack of cost data 
on the instructional system development process, and lack of information 
on management of the authoring process. 

As we are a mission oriented agency I see no need for policy changes to 
our mission. However, as an individual professional in the field I have 
several suggestions of potential R&D that would be of great benefit to the 
civilian sector. I will discuss three ideas: An experimental testbed for 
computer-based education, a program in learning strategies, and finally, a 
computer-based educational system in the home. It should be noted that the 
House Armed Services R&D Subcommittee' has given informal indication that they 
do not fe-jl that DARPA should support work in these areas. 

Experimental Testbed for Computer-Based Education 

Most of our education decisions are made with insufficient data with 
respect to effectiveness and costs. What is needed are a series of teatbcds 
on the elementary, secondary and post-secondary levels. The teatbeds would 
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have two functions (1) serve as an Inatrumcntal facility to test ideas in 
computer-based education and (2) serve as a center of excellenc. . 

Today we have no way to test candidate computer-based education systems 
In such a manner that reasoned policy can be made. In defense we would not 
design an airplane without a wind tunnel. Presently educators and trainers 
are forced to deal with the computer-based training system on the vendor's 
own terms. 

What would this testbed allow us to do? I vision this facility as an 
instrumented training and educational environment so as to document life cycle 
costs of alternative innovative educational and training ideas. It will allow 
us to make side-by-side comparisons of new technology building blocks 
against an existing capability. Further, it will allow us to evaluate 
proposed and desired systems capabilities. It should shorten the time from 
demonstration of feasibility of the concept (proof of concept) to nat-lon- 
wide implementation. 

One intended use is like that of a wind tunnel or flight simulftor . 
It is a tool for development and evaluation of computer-based education 
issues. It is not a prototype for operational use any more than a wind 
\ tunnel is. It would, however, provide data for policy options for tradeoffs 



This proposed testbed stands in contrast t » how it is being done today. 
Evaluation of computer-based instructional syst.js tend to be different 
technologies in different environments. Further, there is no costing data 




Ketween] selection/ training/educational philosophy/equipment design. 
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on the selectlon/tralnlng/educotlotial phllosophy/equipncnt design tradeoffs. 
There Is little Institutional memory of lessons learned. FrotD our 
existing approaches there are few trained Implementors of advanced computer- 
based technology. There Is no life cycle costing of alternatives and 
thus minimal accountability. 

Such a setting vould allow us to judge alternative technologies in 
common settings. Entire schools would be Instrumented so as to monitor 
both intended and unintended effects. Policy tradeoffs would be now based 
on costs and benefits. The testbed would serve also an environment in 
which to investigate different njechanlsms for stimulating innovation 
such aa varying incentives. Finally, we would focus resources on large 
enough a^scale to make a difference. Following such testing, the particular 
technology could be repackaged, redesigned or disseminated to the educational 
comnunlty at large with realistic cost/effectiveness information. For 
all of the above activities, ethical concerns regarding privacy, parental 
and child input, would be'an essential component of the design for testbed. 
Capability for future computer-based education systems that should be 
evaluated in this context are natural languap^e Interfaces and degree of 
artificial intelligence in such systeos. 
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What are the technology building blocks th«t suggest such a testbed? 

A major advance In the hardware area is the fact that we are entering 
Into an area of computational plenty fostered by the explosion of silicon 
Integrated circuit technology. The commercial world is already 
exploiting this revolution (e.g., video games, digital watches, and pocket, 
calculators) . 

A federal effort would be to "design to cost" a hanri held calculator 
that will perform the functions of drill and practice CAI materials for 
the elementary and secondary level. It would be done in cooperation with 
industry and use such technologies as microprocessors, bubble memories 
and a variation of the strand algorithms. A guess would be such a 
device would retail at $20-$30. I would suggest that the federal 
government buy one for every child in the country. Based on the 
results of Computer Curriculum Corporation (CCC) as well as PUTO IV. 
I would expect that we could wipe out illiteracy in math, reading and 
language arts in a generation. 



401 



399. 



There are many technological Innovations that I have left out, laser 
ca«anications. fiber optics, packet switching, etc. I have left them out 
because although important, if we had them, we would still have an education 
and training problem that we would be no closer to solving. 

Another set of ideas thnt should be tested in such a testbed is that of 
a learning strategies. I will briefly discuss the background and rationale 
of such a program as well as the expected benefits. 

Learning; Strategies Prograni 

In the past ten years, both aptitude and achievement scores of 
college-bound high school students have dropped dramatically.^ At 
the same time, the sophistication of our technological society has 
increased. These factors coupled with decreasing resources indicate 
that education and training prcblrms will intensify. 

I believe one way of improving' .Vnerican education and training as 
well as reducing costs is to develop and evaluate instructional materials 
designed to teach basic intellectual and affective skills. I call such 
skills Learning Strategies. It's based on the , philosophical premise that 
it is better to teach a person to make bread th^n to feed that person 
bread continually. In education we teach .t.J'i.M.s content, not process. 
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Further, although a goal of socieLy, these processes are seldom explicitly 
evaluated. Students are in many cases viewed as passive reccpticles into 
vhich teachers deposit knowledge. 

One example of learning strategy is the method of loci. Using this 
strategy, an individual is taught to associate isolated facts with 
particular locations (i.e., loci). When one wishes to recall the memorized 
facts, one simply rcvisualizes the place, bringing to mind the associated 
facts. Improved recall generally results from use of this strategy. The 
strategy can be used in other situations to make subsequent learning more 
efficient and effective. 

Learning strategies implies affective and motor as well as cognitive 
strategies. An example of an affective strategy would be test anxiety 
reduction whereas an example of a motor strategy would be mental rehearsal 
of a motor skill. The following learning strategics. I believe, are 
wlchin the state-of-the-art: elaboration skills; study skills; critical 
thinking; mental rehearsal; decision making; problem solving; troubleshooting 
test anxiety; and hclf-monitoring skills. Althoug>i the list is long, it 
varies with respect to technical risk. e.g.. high risk, self-monitoring 
skills vs low risk, study skills. Some skills are absent like creativity, 
as I cannot generate a technical approach to teach it. 

The term also suggests the intended our.come of applying these 
strategies, namely to increase the efficiency of learning. Learning 
strategics arc. I think, potentially useful in a number of learning 
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situations. The potential will be runlized when a person acquires 
facility m their use and familiarity with their application. Learning 
strategies will not replace specific Job skills or knowledge of specific 
content domains; ^hey are simply a necessary condition for more efficient 
learning. 

I believe that effective education and training occurs when high-quality 
instruction is presented under conditions conducive to learning to students 
who possess efiective learning strategics. 

The potential of success in this particular approach is analogous 
to improving reading skills as a known method for improving subsequent 
performance in a myriad of learning situations. In addition, teaching 
learning strategies directly should reduce the need and thus the cost for 
extensive instructional support in each and every course. For example, 
if a student's memory ability was Increased then o.e might expect a decreased 
requirement for remedial loops and extensive pracu.-.c in all subsequent 
courses • 

These strategies woul<l be most npproprvat^ Cor Luo groups In our 
society, children and the elderly. For children as the benefits would accrue 
to the person for his entire life. For the elderly as such strategies could 
remediate degragatlon of coenitlvu a:>d affective functlonine. 
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The final product of the Learning Strategies research program would be 



an integrated instructional system composed of a series of field-tested 
self-paced modules. The curriculum would be designed so that extensive 
resources, instructor personnel, or facilities support will not be required. 
The modules would be cominerclally available In the form of audio visual 
materials, books, and documented computer programs. Such programs could 



reside on the video-disc on the home computer system which I will discuss 



available. 

A Computer-based Education System in the Home 

I feel one of the major drawbacks in the implementation of computer- 
based education Is that of the fragmented nature of the educational market. 
Industry has not been able to bring to bear" Its strengths, i.e., the 
financial, personnel, marketing and dissemination expertise. However, I 
see the home entertainment market as providing a base on which computer-based 
education can ride piggyback. The home entertainment market, e.g., video 
games with their embedded microprocessors and video discs (e.g., MCn Phillips) 
will provide this mechanism. 

in your living room you have all the makln3S of a computer-based education 
system. Your TV set can function as a display, your telephone as a communica- 
tions link. What Is lacking Is a method of storing digital infonnation 



nexL. Finally, evaluation data regarding its cost-effectiveness would be 
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Inexpensively In your home as well as an incxr^nsivc computer co facllUnte ^ 
using that information. The advent of cheap microproceHslns technology 
("the computer on a chip" in your hand calculator) Joined with the potential 
of video discs provid'i the new technoloBy building blocks to realize this 
dream. A research program is uriiently need.>d to cnpitall-e on this opportunity. 
I c .n visualize five years from now that all of the components of a first 
class computer-based educational system to be cotranercinUy available for 
under $500. 

However, this home educational system will require inlormation to the 
resident on a video disc. What type of information could this be? 

I would suggest two alternatives. Number one, the learning strntegies 
curriculum whii'h I have dlscuiif.ed earlier, and second, course In basic 
skills (math, English, language nrrs). This latter course will have 
been evaluated in the experlneutal testbcd. Ulstrlhutlon could be handled 
through the Public Broadcasting System to home users who wish to have this 
as an auxiliary cdurse. Ten years fron now one could visualize the same 
system with an augmented capability for the denf. I.e., a smart computer 
program would process continuous speech and display a visual output. This 
output could he used both as an education device as well as through a 
picture ^hone as a connuu lea t ions device. 
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CONCLUSIONS 



The following suggestions for R&D in the civilian sector are 
reconmendations from a personal viewpoint and do not represent DARPA 
reconnnendations. 



o Increase level of funding for research ami development in 
computer-based education. 

- Limited risk capital for next generation of systems. 

— Basic research base has been extremely lean on funds. 

- Limited resources or mechanisms for pilot projects in school 
districts and universities. 



o Establish testbeds for computer-based education. 



o Focue p federal program to develop and evaluate a hand held 
calculator for CAI drill and practice. 



o Focus R&D on future home computer systems. 



This ends my prepared statement. I will be glad Co answer any 
questions. Thank you again for giving me this opportunity to testify. 
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FOOTNOTES 



1 Additional Inforioation on Defense Advanced Research Projects Agency 
can be found in: "DARPA: An Investment Strategy for the Late 70's" 
Commander's Digest , Vol. 19, 1976. 

2 Additional information on DoD research in educational technology can be 
found in: "An Overview of Training and the Use of Educational Technology 
in the Department of Defense" by Dougherty and O'Nell. Educaclonal 
TechnoloRy , in Press. 

3 Additional inforaation on DoD manpower can be found in: Military Manpower 
Training Report for FY 1978 , Dep/ 'tnent of Defense, March 1977. 

^ Same information source as footnote 2, 

^ The functions of education were cited from: "Why Education R&D?", 
American Kducatlon , April 1976. 



Additional information on declining test scores can be found in: 
Declining Test Scores: A Conference Report , The National Institute of 
Education, February 1976. 
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STATEMENT OF DR. HARRY O'NEIL, PROGRAM MANAGER, CYBER- 
NETIC TECHNOLOGY PROGRAM, ADVANCED RESEARCH PROJECT 
AGENCY, ARLINGTON, VA. 

Mr. O'Neil. I thank you for thn invitation to come and testify. I 
didn't bring a computer with me, hut 1 brought seme exhibits to back 
up some of the earUer speakers' testimony on the privatesec tor pro- 
ducing the necessary technology-. These are examples and not meant 
as advertising for any one company. The Radio Shack Christmas 
catalog has a $600 computer. Sears Christmas catalog has nine pages 
of video games, those with microprocessors in them for under $200. 
And for $15 you can buy the Little Professor. People who are interested 
in looking at these afterward can come up and thumb through them. 

I would like to taik a little bit about why our agency got into 
computer-based training, the ty])e of research we sponsor, and a few 
ideas of where I think research and development ought to go. 

We have heard a fair amount of evidence that com])uter-based 
education works. It works in two ways. One, it is as least as effective 
as traditional instruction. And usually you can expect a 30-to-40 per- 
cent time savings compared to traditional instruction. In our environ- 
ment Ave pay our students, so .if we can get them out on the job faster, 
wc can essentially have a small instructional force and thus save money 
- for the Nation. 

Our major investment in computer-based training has been PLATO 
IV. Our total investment to date is about $4 million. The National 
Science Foundation has invested an additional $10 million. 

We field-tefted PLATO IV at three different military sites, two 
Air Force bases, and one Army base. The data wore very consistent; 
that is, equal to or better performance and 40-percent time savings 
with PLATO IV. Student and instructor attitudes were very positive. 

We did identify one problem which is the need for some sort of 
system to efficiently develop instructional materials. We found out 
that, in some cases, it was taking us a year to train a person. By the 
time we would have him trained to develop curriculum materials, he 
or she would be reassigned. 

Mr. Wells. You mean the teacher was reassigned within the school 
system? 

Mr. O'Neil. Within the military. In some cases the turnover was 
approaching every 6 weeks. Tliey might be on the same base, but 
their duties would be reassigned. An officer would be assigned, for 
example, to a computer-based education i)roje<:t. But if 6 weeks later 
somebody had to cover the police or fire (le|)artment, then that person 
would get reassigned. 

Under those circumstances, with the brute force methodology and 
some selection — that is, finding some bright people and working hard — 
the demonstration/evaUiation of PLATO' IV came off. It was clear to 
us that to disseminate PLATO IV widely throughout Defense one 
needed a more efficient technology' than selecting a few bright people 
to try to get the job (lone. 

s So our program this fiscal year and next, fiscal year 1979, is to focus 
on this problem and try to create a system to make the deve^)ment 
of materials for these comj)uter-base(l training systems more efficient. 
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We feel if we \nu\ this systom, it woiilil be cost cfTcctive to go forward 
with coinj)iitcr-basc(l education, be(;au^^e the luirdware costs arc com- 
ing down. 

Plato IV is just one system that Defense invested in. In Defense, 
we have been looking at tlu-ee or four different kinds of systems, all 
with th" idea of looking at tlieir |)lusses and minuses in our environ- 
ment. 

We i)icked uj) the TKVIT nroject from the National Science 
Foundation. The Navy lias also been evaluating it in their environ- 
ment. 

Mr. W' ELLS. What was your puri)Ose in j)ickin<j: up PIjATO IV? 

Mr. O'Neu.. Our agency feels that we are, in a se'^ise, one step 
ahead of everybody else. Thus, we got involvecl in PLATO IV in the 
late sixties. It wasn't clear it was going to work, hut if it did work, it 
would have been a real winner. We j)ut a lot of caj)ital into one place, 
a center of excellence, if you would. It required somebody having the 
vision that this would be a good thing to vlo. At the time it was the 
best system around. Further, it met all performance specifications. 

As you can see, PLATO IV can do many things, as Dr. Bitzer 
pointed out. 

Mr. Wells. But in terms of the ultimate i)urpose for the use within 
the military. 

Mr. O'Neil. I think PLATO IV, tu^ a system, will not be the system 
which we will buy ;^00 copies to si^read around the world. I think 
that the new technologies tliat Dr. Brown and others have been talking 
about will |)rovide a better bridge for the lOSO's. Tliis is a personal 
opinion. We have a lot of field test evaluations going on and I think 
it is time to look at all of tlie broad scale systems we have, and then 
draw conclusions for the mid-1980's and 1990's. 

Dr. Sw.\Nsox. brouglit uj) this evaluation question with Dr. 
Melined. Is it conceivable to do a |)C)st hoc evaluation study and what 
would be the adetiuary of post hoc studies? Who should do it? 

Mr. O'Neil. The adequaciy of doing an evaluation after the fact 
is never as good as before the fact. After the nroject is over, the data 
is just not there. The forms did not get develoi)ed. They did not get 
passed out. One may not have colloctfci the cost data in the right way. 

Most of the individual pn^je(;ts 1 was talking about within the 
military have had evaluations on a project level. I think one needs 
the evaluation (.»ne level higher, which is reviewing all the projects 
and trying to make some sense out of them. No one agency has that 
function right now. in Defense or in the (^ivilian settlor. , 

Dr. SwANsoN. Is that information |>art of the public record so that 
NSF (^ould fund a i)r()j<M't and have ac(MNs to that information? ^ 

Mr. O'Nkil. Sure. In fa(^t they have been in the evaluation j)r9e(rss 
from the beginning, both forrnafly an<i informally, because the.v/were 
funding PLATO IV in the civilitm sector. / 

Mr. Wells. Dr. O'Neil, since Dei)artment of .Defense r^uis an 
educational sy>teni on a very large scale an<l probably invests— I 
don't know whether the $12()'billion that is assigned to education in 
this country iri' ludes l)<»piirt merit of Defense — 1 guess not. But would 
it be a fair estimate that there are billions of d(»llars invested in 
Defense training systeni> and training scriools and training bases 
throughout the services*^ 
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Mr. O'Neil. TriKi. If you vAmni thn schools, Hko V(^'}iti()iial or 
technical high schools luui coUo^^os, and you count the si dent pay 
and allowances— because we pay our students — the fi^ur for this 
fiscal year is about $6 billion. That excludes all training done on the 
job. It also excludes all training wo buy on contract and all traininji; 
for new weapons systems. 

Mr. Wells. If you add in that kind of training!; cost, you are talking 
of something pror)ably two or three times that again? 

Mr. O'Neil. It is liard to atUl that in, he(;aust' from a cost account- 
ing point of view, if they arc in the school the costs arc attributed to 
training. 

Mr. Wells. Let nie be more direct. There is a lot of money being 
spent for training and e(hication withia.the De|)artmcnt of Defense, 
Does not DefeiLse through your oflice have a very strong interest in 
the potential application of cither PLATO or the stand alone type con- 
cepts of computers as aids or maiuigers in this e(hicati()n and training 
process? ' 

Mr. O'Neil. True, we do. 

Mr. .Wells. 1 did not see a number tlnit representetl any total 
defense effort. We see $1.5 million from NIE antl $9.7 millioli from 
\vSF and is there a com[)arable number that Defense is allocating? 

Mr. O'Neil. Yes; I could get it for you for the record. Each agency, 
such as the armed services branches sponsor research in this area, 
targeted toward their particular problems. 

Mr. A\'klus. Since AKPA is a v(-iy highly coordinated agency, 
are you familiar aud are you working closely with the services in 
edu<-atiug ov eiicouraging this kind of activity within the services? 

Mr. O'Xkil. Yes. ^\'e have a task force' that formally meets 
annually. And. infornuilly. most of us are here in town. As you^ prob- 
ai)lv found oiU by gathering in fo!'!nat ion foi* the hearing's, it is a, 
relatively .small community, ^^'ithiu Defense, five or six people fund 
this kin(l of activity. 

Fui'ther as a bureaucrat, you ean't co!ne up with an idea or a proj- 
ect and then go tiirough tlie co!igresslonal cvcle and find that the 
Navy is doing the same thing, .^o just for std f-survi va 1. as a bureaucraL 
one has to know what's going oil I think in this ])ailicular areii that 
we are very well eoordimited. Kiich of us has taken a little different 
focus in this area, 

Mr. ^V^:LLs. This is kind of a task mider>tjindiug rathci- than any 
formalizecl agnMUueut i 

Mr. O'Nkil. It's an infoiiunl *'omnmnicat ions channel. It's a 
formal mechanism in the >i'nse that we have a yearly document that 
is updated about ivseai-i-h and developmeul in I'omputer-based ti'aui- 
ing and educat ioiu 

Mr. SwA^'so.^•.■.^\'el•e voii linished with y^Mir remarks^ 

Mr. O'Xkil. .1 h.ave l)ne two ot hei- 't hings I'd like to talk abr)ut. 

A constant theme that has been mentioned in the hearings is 
evaluatioiL I think that it would be useful in evaulation to have what 
\ would call an expei-imenta 1 te>t bed. The iih-a is-to have an instru- 
mente<l facility, a school or ^i•llo(d >y-tem. wlww we would have 
oniroing data colhM-non from the start. So. nr in years from now. 
we coidd conduct a longitudinal study. I m'c. a need foi* the, test bed 
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on the plciiionlary uiul sccoiulary levels. If .somebody had a new 
research idea in this urea, we eoiild then pluf^ that into our test bed 
and evaluate it within that particular context so as to really *ret some 
good cost effectiveness data. 

I see some Federal a*rency, probably OE or ^^IE, who would have 
the responsibility for mana<rin<r this.* It could also provide the con- 
sumer prot-cction aspect, which, 1 think, is -important. It would be 
very helpful for a .school .system to have n place where they could get 
accurate information with* respect to cost an(l etl'ectiveness. It would 
also give us a way of nu)re rationally allocating our K. & D. resources 
as a Nation. 

Dr. SwAXSox. C'onsunuM- protection also iiu-hides some of the 
psychological pitfalls that have l)een brought up? 

Mr. O'Nkil. Yes. In iustrnmentation, 1 see everything fi'om looking 
at the cognitive infonnation being developed to the emotional lives 
of the students. We would also keep track of vandalism. In other 
words, Ave could have the whole thing in.strumented. If somebody 
asked if the project was affecting vandalism, we could easily respond. 

Obviously, from the beginning, on the planning activity, one 
would want to get parental antl child input. 

I speak now as an individual rather thai^ representing ARPA. 
I think we know that in the nuitheinatic^ and reading areas— as 
both the testimony of the PLATO IV folks as well as the testimony 
of the Computer Cnn-iculum Corp. document.s — computer-based 
drill ami practice will improve the mathematics and I'eading achieve- 
ment of a broad range of kids. I think it is possible to reprograin the 
microprocossors which are al.eady existing and whifh industiy is 
producing, tield-te.st them in oui* experimental test, bed, and then 
jn.st go out and buy one for every single child in this country. The 
4xmount of uioney we are putting \u through titles T through VII, I 
think, could, in part, be reallocated. 

If you hacl $20 for one child, you would have a one-tinie cost of 
$1 billion. I think that over a generation you could wipe out illiteracy. 

^Ir. CTAr.r.AorrKr{. Is this vour personal testimony? 

Mr. O-Xkfl. Yes. 

:\rr. Wklls. How do we gi't to this kind of project that you are 
suggesting ? 

Mr. O'Neil. From a personal viewpoint, I see this Commission, 
\vhich has been discussed, as being tasked to come up with a broad 
mechanism. The (nvilian sector,, for example, is worried about certain 
issues and Defense is worried about other issues. There is a need for 
n mechanism taking a broad look at the technology and developing 
a plan as to who should do it and how much it would cost and how to 
evaluate it. That, having a blue ribbon panel as well as a technical 
panel would ]5rovide Input into each other. 

Mr. Wells. What kinds of people do you think would be' effective 
in serving on such a commission? a . 

Mr. O'Neil. I have never thought that question through. Again— 
a personal' viewpoint — 1 wouhl try to ^et the educational establish- 
ment involved very early, as well' as representatives from the unions 
and some parent organizations, several technologists to define what 
will be available, 'some researchers and a couple of evaluators. 
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Mr. W ell.s. Sovcnil other witnesses, Dr. Brown and Dr. Papert 
would you mind comniontin^r on this iiucstion and vour ideas? What 
types of people, individuals and skills, would you su^^gest might be 
on the commission to examine the questions we have been Talkine 
about? • ^ 

Dr. Pappert. Let me divide the ([uestion into two parts, because I 
think there are two functions to be served bv such a Commission 
Maybe we need two different commissions. I'm not an expert on how 
best to arrange that, but I think functionally one of tiiem is to produce 
an engagement of minds aroimd the technical problem of what to do 
considering various practical suggestions and .so on. And the other 
problem is consciou.sness raising. It is a necessary function. It is clear 
from the sum total of the testimony iiere and wliat one sees in th e world 
at large that there is a gap between the state of affairs ami the i)Otential 
it otters on tho one hand and on the other hand the awareness in the 
country as a whole and the educational comr unity, et cetera, about 
the needs and the possibilities. 

So there is the technical asj)ect and the con iou.sness raising aspect 
anil I thm(< you i)robably need somewhat different i)eople On the 
technical aspect, I would like to say a few things about what it should 
not be Obviously, they should be teciinologists and imaginative 
psychologists. I tliink they should be not only cognitive p.sycholo- 
gists— in education in tl»e past there has been the tendency to think 
that the experts on reasoning are the people to think of thinjrs of 
this sort. . ^ 

They ought to he peoT)le into sociology and knowledge and rela- 
tionships into so-called depth psycliology. 1 think it .should not be 
iletinecl as a purely scientific proI>lein. J think thev are people whose 
strength is in appeal to the imagiiiation. 

I would like to find a great film producer or a great poet or a great 
television man or whatever, it doesn't matter what the- particular 
area is, but somebody whose function in the world has been to think 
in terms of the appeal to the imagination, such people ought to be 
there. Of i:ourse, the education community needs to be. 

Mr. Wklus I think 1 would agree that we are certainly talking 
Rouut a .social question rather than a technological issue, but tech- 
nology drives us to the politicaj and social questions. 

Mr. Papeut. T think one must recognize' tiiat the problem is how to 
bring tliese two thuigs together. I think there is a big divergence and a 
teruleney for people to thuik of themselves as humanistic, to not like 
technology and .so to keep away from it, and this tends to create a rift 
so ttiat the people who would he most valuable in the imaginative and 
social and aflective aspects of all this tend to steer awav and that's 
the problem you've got to face, that's one of the prof)leins. 

Mr. n ELLS. 1 guess my hist comment would be one wiiich has been 
reiterated ui previous days that this seems to he far too important to 
let It happen by chance. We at least ought to obsprve here at the 
beginning and try to determine what things are possible in contrast to 
letting It happon to us. ] think that is wiuit- we are groping for as to 
what sensible reroininendat ions wn ran make in terms of letnslative 
remedies or administrative remedies, ji^ppeais to the |)rivate sector et 
cetera. Ue simply don't know the kifids of things that need to be done 

lhank you. 
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Mr. Gallagheu. Mr. O'Neii, on page 19 you mentioned something 
that another witness touched on as to computer-based education in the 
home. You say [reading from statement]: '1 feel one of the major 
drawbacks in the implementation of computer-based education is that, 
of the fragmented nature of the educational market. Industry has not ', 
been able to bring to bear strengjth * * 

Other witnesses have said this, and what is the reason? Is it profit 
or what? It seems such a natural thing. 

Mr. O'Neil. Again, a personal viewpoint. I think tliat with some 
of the 50,000 independent sciiool districts— I would underline ''inde- 
pendents—industry cannot simply sell it, or create the curriculum and 
distribute it across the entire country. Industry must go and sell each 
school system. This requires a huge marketing expenditure. 

Another reason is that'schools only budget for 1 year at a time. They 
are really strapped for funds. They have something like 80 or 90 
percent of their budgets tied up in people. There just isn't a lot^of 
extra money floating around that they can buy things with, after thoy 
cover their personnel and utility bills. 

Mr. Gallagher. Would this apply to the home? 

Mr. O'Neil. The video disks, marketed some time this year by the 
entertainment industiy, will probably just contain movies. It could 
he like a movie-of-the-montn club analog". For instance, once a 
month, for $8 or $10, they will send you a video disk and you attach it 
to you TV set , push a button, and you can see the movie. 

The indu.stry will only have to develop this use of the video disk 
once, ami then, it is ju^l a ([uestion of mass production and market- 
ing it throug:hout the country. I think people will buy these video disks. 
The costs will then go down becau.se lots of people have color sets and 
they are buying the disks. 

The microprocessors will be in the TV set already. Technically, 
this is po.ssiblo now. We have tbr hardware makings, the technology 
is coming. It is time to start some research. How do 3^ou divide educa- 
tion functions between the schools and the homes? 

Mr. ScHEUER. I take it you feel that the computer has a great poten- 
tial for educating kids whom we are now having great difficulty in 
educating? 

Mr. O'Neil. Yes; in the sense of teaching them mathematics, read- 
ing, and the language arts. 
Mr. ScHEUER. Writing? 
Mr. O'Neil. N'o. 

Mr. SciiL'ER. I don't mean writing with their hands, but composing 
sentences and paragraphs and pages in cerebral thought, thinking in 
organized and cerebral ways. 

Mr. O'Neil. I think that's a research question and we can find 
those answers. I don't consider a research question to be how to im- 
prove mathematics and reading achievement at the elementary level; 
that is, the PLATO IV experience and the CCC experience. 

Mr. ScHEUER. Do you think all of the evidence is in? 

Mr. O'Neil. Ves; on that narrow issue of 20 minutes per day in the 
classroom with the teacher with that type of logic in the computer, yes. 

Mr. ScHKUKu. For rearlirig, math, and language skills? 

Mr. O'Neil. I feel most comfortable about math, a little le.ss com- 
fortable about reading, and not very comfortable at all about languaf* 
arts. 
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Mr, ScHEUER. Wasn't that your pha-se, language arts? 

Mr. O^Neil. Yes, I feel the data is strong for mathematics and 
reading and, language arts, we^l know in a year or two, 

Mr. Scheuer. Wnat do you think- our government ought to be 
doing? We are spending billions of dollars in the elementary and 
secondary^ education act under title I <with no significant success. 
To your knowledge, have these kinds of research and demonstrations 
been attempted in Title I or title III of ESSA? 

Mr. O^N EiL. Both. Some of the early work in the midsixties was 
title III funded. Title I now, I think, provides a major source of 
funding for the .Computer Curriculum Corp, That is the mechanism 
they are using to market their CAI drill and practice equipment; 

Mr, SwANSON, I wanted to emphasize that we talked about this 
with the NIE people that the dilemma here is reaching both ends, 
the extremely bright with title III and the , disadvantaged with title L 
And we are missing mainline instruction, I raise the problem Dr. 
Gamer brought up in that he is frustrated in trying to obtain funds 
for a successful proven technology and there is no outlet for him 
because he is trying to deal essentially with a middle-class distri- 
bution of students both in terms of income and skills, 

' r, O'Neil, The technology is available. It is expensive right now. 
It will not be expensive in the future. There is no one place in Wash- 
ington that you can go to get funding. That is why, I think, the 
planning commission, or whatever, looking across all agencies is 
needed. We certainly spend enough money in education, I would 
see it almost as a contest or a rimoff. Everybody could come in and 
say, ''this is our technology and here's our data that says this wilt 
improve education," and have funds would be reallocated on the basis 
of that kind of evidence. 

There is nobody right now worrying about these issues, 

Mr. ScHEUER, Where do you think we ought to be building some 
fires to get the people's attention and more resources put into this for 
all of the young people who could benefit by it? 

Mr, O'N EiL. I think the existence of the hearings has provided some 
stimulation within agencies for interest in this particular area- 
This gives us a chance to come here and make a statement about what 
we are doing. I personally think that the research side of the house is 
very underfunded. We have heard numbers from NIE of $1,5 million 
per year. In Defense, this number is a guesstimate. I will get the right 
number for the record. But the total in Defense, I would be surprised 
if the total in Defense was $20 million for all three services plus 
ourselves. In NSF, the figure was $9 million for this year, so that total 
Federal investment may be $30 million, ' . 

Mr. ScHEUER. You will get us the detailed figures? 

Mr, O'Neil. I can get the detailed figures for my agency as well 
as for Defense, 

Mr. ScHEUER, Thank you very much. This has been thought pro- 
voking and stimulating und we appreciate it. 

Mr. O'Neil. Thank you for your invitation to tiistif^'. 

The next witness is Dr. Glenn Bryan, P.s\^chological Services 
Division, Office of Naval Research, Department of Defense, 

[The prepared statement of Dr.. Bryan follows:] 
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Dr. Qlenn L, Bryan, Director^ Psychological Science Division 
Office of Saval Research 

To the House Science and Technology Subcommittee on 
Domestic and International Scientific Planning. Analysis, 
and Cooperation. 



October 13. 1977 




414 



Dr. Glenn L. Bryan has been the Director of the Psychological 
Sciences Division of the Office of Naval Research since 1969. for nine 
years prior to that date he served as Head of the Personnel and Training 
Research Branch of the sane organization. He received his Ph.D. degree 
in Applied Experimental Psychology (1951 ) froip^the University of Southern 
California vhere he served on the staff and faculty from 1951 through 
1959. He has published extensively in the fields of aviation psychology, 
electronics troubleshooting, research management and computer-based 
instruction. He is a member of Phi Beta Kappa, Sigma Xi , the American 
Psychological Association, the Huoan Factors Society and a Fellov of 
the American Association for the Advancement of Science. 
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"COMPUTHIS AKD THE LEARNING SOCIETY" 

Teotinony presented by 
Dr. Glenn L, Bryan, Director, Psychological Sciences Division 
Office of Naval Research 

To the Houfle Science and Technology Sub- 
conmittee on Domestic and International 
Scientific Planning, Analyeia, and CD- 
operation. 

October 13, 1977 

I cm Dr. Glann Bryan, Director of the Paychological Sciences 
Division of the Office of Naval Research (ONR). The programs of that 
Division seek to create basic knowledge and understanding ^Aiich will 
lead to new ways and better ways to utilize, equip and manage naval 
personnel of the future. These programs are carried out, for the most 
part, under contracts with universities. They are primarily basic in 
nature, with an appropriate augtoentation of applied research and ex- 
ploratory development efforts. This mix is put together and supervised 
by the Division staff of nine professionals with the able assistance of 
ONR scientists from other disciplines and with helpful guidance and 
advice from representatives of various Navy and Marine Corps offices. 
The programs seek to involve competent and innovative scientists in areas 

of research that are relevant to Navy and Marine Corps interests. By so 
doing, the programs provide new perspectives, new insights and new ap- 
proaches to naval problems. They also provide channels for 'scientific 
information to flow back and forth between the civilian research com- 
munity arjd the naval community, thus kefjping each abreast of new develop- 
msnts in the, other. The emphasis is on tho creation and interpretation of 
a cumulative knowledge base upon which effective new technologies can be 
built. These give us better ways of dealing with old problems and pro- 
vide the Navy and Marine Corps with the capability to detect and diagnose 
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emerging problems vliich may eventually lir.it the effectiveness of naval 
personnel. Where possible ve assist, within our resource limitations, 
those in th<? Navy and Marine Corps who want to implement our research 
findings. We seek to work closely with the Navy Personnel Research and 
Development Center, the Naval Medical Research and Development Command 
and the Naval Systems Commands to promote the diffusion, extension and 
eventual utilization of the knowledge obtained through the ONR programs. 
However, my remarks today will be confined to the ONR program alone. 

Our research is organized around a dozen programmatic thrusts. 
These are clusters of related contracts conceived and operated in an inte- 
grated manner. The clusters often blend different levels of R&D funding 
from a variety of sources. Serious efforts are made to coordinate the work 
of the ONR .contractors with each other, with in-house laboratories and with 
the research sponsored by other services and other agencies. Contracts are 
generally awarded in response to unsolicited proposals. They are evaluated 
on their relevance to Navy needs, the competence of the investigator, the 
scientific merit of the proposed research, and the facilities available for 
iti: conduct. 

^l.e elements that chape our research prograiriE are twofold: (1) sci- 
entific and technicnl needs to advance the Defense Research Sciences; and 
(?) operational needr. identified in Nav:/- planning documents, in particular 
the Naval Research Requirements in the Behavioral and Social Sciences 
estnblLshod by tho Chief of Naval Research and thn Science and Technology 
Objectives on PorHonnel /Medical Support (STO/PN) promulgated by the Chief 
of Naval Operations. 
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Currently, three of our 12 clusters are fundamental tc the future 
development of superior computer-based instructional systems. 

I am ple?\.'3ed to have this opportunity to speak on the topic of 
"Computers and the Learning Society'' since it has been a topic that has 
absorbed much of ny personal and professional energy for many years. 
As a matter of fact, I vas recruited to come to work for ONR In the 
early '60's to formulate a research program that would address the 
future needs of the Navy and Marine Corps in a world about to be in- 
undated by digital computers. Though the computers at that time were 
far more cumbersome and more limited than they are now; even then It 
was obvloun that we were on the verge of a computer revolution - a 
revolution which would have many ramifications for all of mankind 
and would Impact heavily upon the armed forces. The great potential 
for computers could be seen only dimly. But, many of the problems as- 
sociated with trlnglng these new devices on line cculd be seen all too 
clearly. 

The upshot of this was this vas that a group of us began to an- 
alyze the naval situation as it existed at that time and as it was 
likely tc exist within the next 25 - ^0 years. We also sought to 
obtain information about prospeotlve developments in the fields of 
computer science and infonnatlon ^recessing. Further, we became ac- 
quainted with the few (then) on-going research efforts in the field 
of eriucatlon to explore the potential use of computers as aids to 
instruction. These preliminary analyses led us to organise a Con- 
ference on the Application of Digital Computers to Automated Instruc- 
tion, held in Washington, DC, on October 10-12, I96I. This meeting 
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brought together leading sclentista and educators, interes'. -d in 
exploiting the. potentialities of the digital computer for instruc- 
tional purposes. The proceedings of that conference were published 
hy John Wiley and Sons, Inc. under the title "Programmed Learning and 
Computer-Based Instruction." To my knowledge , this was the first hard- 
backed, conunercial book published on this topic. Many re-gard it 
as the beginning of the computer-based Instruction age. 

Since our O^TE research is basic and focueses on fundamental, gen- 
erallzable issues, it has not really developed any full-blown computer- 
baaed Instructional system. However, It has consistently supported 
some of the best research people In the business (including several of 
those who have appeared before you) who have produced a great deal of 
the information and understanding which has undergirded and buttressed 
the many applied efforts subsequently undertaken in the Navy and else- 
where . 

Since our work is one stage removed from operational computer- 
based instructional systems, it Is difficult to decide exactly which 
efforts should be Identified with Computer Managed Instruction (CMl), 
which with Computer-Assisted Instruction (CAI) and which with Com- 
puterized Adaptive Testing (CAT). The placement of the boundarips i« 
necessarily arbitrary. However, I estimate that we have spent between 
200 and ^00 thousand dollars a year on research that has direct relevance 
to CMI, CAI, and-CAT, although T hasten to reiterate, it al«o applied 
to other rormo of instruction. Instructional management, and personnel 
testing. 

It n«iy be appropriate at, this point to stop and ask why we decided 
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to wake this subatantlal research investment. Why dldn^t ue sit back 
and vait for this work to "be done on the civilian side? The ansver to 
this question is based on the needs of the Navy and Marine Corps for 
trained personnel (on the one hand) and the unusual "test bed" Icind of 
situation vhich exists in all of the military services (on the other). 

With respect to the needs of the Navy and Marine Corps; they have 
the tremendous requircaent of taking young people from the farm and 
from the inner city and converting them in a remarkably short time to 
fliers, Bubnariners, sonar operators, boiler tenders, and malntainera 
of the nevest and most exotic et^uipment one might imagine. The success 
of that training determines the effectiveness of oizr fighting forces. 
Indeed, it is at the root of our national security. It must also be 
pointed out that it Is tremendously costly to provide the training 
necessary. It was recently reported that the Navy alone expends some- 
thing on the order of $1.5B/yr. on training and involves roughly 20% 
of the force. Much of the cost is due to the fact that the Navy pays 
its students while they are in training. Thus, every day In school 
adds to the already high cost of training. Every reduction in train- 
ing, time not only reduces those costs but puts the trained person to 
work on the Job that much sooner. Also, as hae been pointed out, 
properly constructed computer-based Inotruction Is transportable, 
easily modified and has a long shelf-life. What better way to provide 
training to such a highly technical and highly mobile force? What 
better way to help the reserves maintain old skills and learn new 
ones? In my mind, the uae of conputer techniques Is absolutely es- 
sential to the cost-efficient use of training resources and to the . 
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cost-effective utilization of nilitar/ personnel. 

But I'have onitted aji inportant point. Military Jobs are very 
specific. People are trained to do specific things, in specific ways, 
at particular times. When you train man to fix a radar, you expect 
him to be doing it on the Job in a fev short months. It is quite a 
different situation from trying to teach an elementary school student 
art appreciation, or civics, or history, or even the harder skills. 
Ef-'caune military pfrnonnel are assigned to well-analyzed Jobs, to per- 
form ear,ny obnervable duties, the military services provide excsUent 
"tost beds" for comparing the effectiveness of various forms of instruc- 
tion. 

h\it enoUfr,h of that, now days, rr.ost people nJjvee with the necessity 
oi: having sone basic research carried on by mission oriented agencies. 
ForgiVf* for cp^nding so much time on it. But, it is a subject dear 
to my heart. 

Many of the features of modern CAT systems have grovn out of 
research sponsored by OJfR. Numerous exaniples could be cited. The 
early work on teaching interns the art of aedical diagnosis by Feurtzig, 
the "handn-on" electronic maintenance training system of Rigney, the 
Rus^^ian vocabulary training of Van Caropen, and the teaching of computer 
prograrjr.ir.g skills by Richard Atkinson are but a few of the successful 
"spin offs" that have come directly from the baaic research program. 
Perhaps the mo:;t significant fundanental development was the work of 
Carbonnel. He roconceptual i 7,ed the student-computer interaction and 
gavo clear dir»^ction to fxciting new opportunities for combining 
computer science, artificial intelligence and the newly emerging field 

6- 



42: 



421 



of cognitive processinp;; thus pointing the way tovard truly generative 
CAI of the future. (Generative CAI is a highly flexible, on-lin«, 
raal tine instructional scheme where the computer actually alters its 
own prograa In the course of Its Interactions with a utudcnt.) The 
ONB r"'i<*>irch progranj is also credited with making substantial contri- 
butions to the CMI 5ysven which Is operated by the :ie.\'y Technical 
Training Comraahd. It is a hlghly-succerfsful system which is reputed 
to be the largest CMI fjycten In the world, 

Before closing, I would like to call atr.ention •'.o some of the 
problems that have yet to be solved. E>/en though the progress of the 
general field has been remarkable, the toughest problems lie ahead. 
They Involve the wnyr> that we use the marvelous machinery that is 
available to un. like many others, have come to believe that the 

engineers and terhnologLr.tn can build almost anything that we can 
adequately describe? to them. If this is so, then the only things that 
stand between -jr. and better instructionul machinery in the future are 
tine and sjoney. Put. there are prohlfr.n of a different sort that will 
r'^quir-:' mor'*. They call for ren'. iatelle(.*tual effort, creative in- 
sighti: and patient nc-y.- . r/iy work. Thene problems are most easily 
understood if ve thin/, nf r.he events that ta)^e place within n student' 
\i('fui while h'* is learning'; a^! "proo<T.ot»ri , " From that standpoint, the 
whole p'.irpor,** of th" in.:r.ructional sy:;tem is to cause these processes 



rnn%rol syster.." F^v 'ir^ilcfrj . the 1 n:;t ru^t i f^nal system is something 
]\V.f • h'' nr,\ vfi;v":~. -^jf 'in oi: ;.'r'ic>:ing tower and the Invisible 

evrtnt? tha*. '.n?,'^ plac** vitihin *.hp f:t%dent's head are like the changes 
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that take place vdthin the pipes as the crude is subjected to the con- 
trolled tanperatures and pressures of the tower. The point pf the 
analogy (which, like nost analogies is not entirely apt) is that the 
cofttrol hao to be exorcised in terma of the organic cheodatry of the 
crude oil. It would be silly to devote Int^-Uectual effort to the 
design of better rofir.ery towers to the excj.usion of efforts under- . 
stand the basic chemical processes that the tower is expected to control. 
In a similar sense, we are now at a point where we have demonstrated 
sophisticated instructional hardware and software. We are now at a 
point where the next big gain will be realized by marrying the modolling 
techniques of artificial intelligence with the empirical rigor of experi- 
mental psychology with the help of dedicated instructors and experienced 
instructional managers. In my judgement, this will provide a basis for 
determining bo t tor ways' to use the equlpcaent that is available and 
eventually lead us to still newer and more effective ways to employ com- 
puters in the learning society^ 

I know of no greater social obligation than the obligation of our 
'A . 9ty to bring to bear the fruits of modem science and technology 

. the pressing problems of thbse who have not benefited from 
traditional instruction. 
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STATEMENT OF DR. GLENN BRYAN, PSYCHOLOGICAL SCIENCES 
DIVISKm, OFFICE OF NAVAL RESEARCH, ARLINGTON, VA. 

Mr, Bryan, First of all, let me thank you for this opportunity to 
appear here. 

Mr. ScHEUER, We are happy to have you here, 
Mr. Bryan. Several thoughts come to mind^ One of them is the 
notion, mentioned in the earlier discussion, that an appropriate 
criterion of effectiveness of using computer-based instruction might 
be the reduction in. vandalism at the school. If one chose, to use that 
as a criterion, it would be necessary to worry about the story that 
John Kemmcny tells about students who break into the schoolhouse 
or violate the rules about staying after hours so that they can work 
with the computers which they find both exciting and helpful. While 
this isn't vandalism, instances of insubordination or vandalism or 
something of the sort, it suggests that rulebreaking might actually 
be stimulated by the student's avid interest in computer-based in- 
struction,- Seriously, students are **tumed on" to good computer- 
based instruction. 

Under many circumstances, people who have used computers as 
interactive devices to engage themselves \v\t\i subject matter and to 
develop new skills, reveal that th s is an intriguing, exciting sort of 
thing that people like to do. We have an interactive terminal in our 
office and every once in a while I have to go over and shoo people 
away. Staff members at all levels are attracted to it. However, it is 
not universally the case. How and when computer-based learning 
occurs is not well understood. It would be a bad mistake for this 
group to ass mie, despite Dr, Papcrt's great success in bringing about 
exciting student-computer interactions, that technology has reached 
a point where such results will necessarily follow, if every student is 
. given a computer. Sheer availability will not somehow or another 
cause students to use it and use -it effectively. And it does not neces- 
sarily follow that if every home has one, you're going to ha :e a hard 
time getting up a baseball game in the neighborhood because the kids 
are all inside twiddling with their computers. 

Now some learning is fun and sometimes it's fun to use computers 
to learn. But in my view, learning is a kind of work, a necessary kind 
of work that people have to buckle (lo^v^a and make themselves do, 
And-sinre 1 believe, along with many others, that behavior is really 
determined by the tuiticipated consequences of that behavior, it 
seems to me that what you have to have, and wha'i, the computers 
provide so nicely, is the kind of closely couplod interaction that let's 
you know how you're coming, to follow what you're doing. Com- 
puters have a monitoring capability to supervise the - interaction 
between the program and the student >is it occurs and to advise the 
student, to tell him that he's doing well, if ho is, to tell him what he 
ought to try next if he's stuck, to answer his questions if need be. 
That kind of closely coupled, directed interaction is the thing that 
will keep the students working and progressing even after learning 
ceases to be fun. But even when it quits being fun and becomes work, 
it can be satisfying, if they're learning something they want to learn 
and if it is demonstrated 'that they are niakino; progress — or better 
yet — when they, themselves, can recognize their outi progress. The 
sense of achievement, the thrill of success can be exhilarating. That 
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oxpcricnco occurs (o somk* of tluvsc voiiujx people about wliicii vou are 
concerned fur too seldom. Aduptivc cornputer-bjiscd inslructioW oiFcrs 
the proniisu of «j:eHrinf]: instruction to the student so Ik* will experience 
success in a non-threatening environment, lie can ho successful, hut 
can also risk beinc: wrong with the knowleds^e that tlie svsteui will he 
'^patient," ^'forcriving," and 'Mielpful/' 

I jj:uess it's a personal bins but — sonioonc* mentioned lan<^uai>:e labs 
earlier, and I have n real tin ear with hui«,niaj,^(vs. f sij^m up occasiomdlv 
for another lan<i:uiif>:e cours(» and I do'cpiitc well in class. L listen to 
niy tapes rcfrnlarly. Rut I don't learn the lan,irua,irp. I don't speak the 
lanjruaort* well wlu^n I 1:0 abroad. It is very disrotu'ajxin^::. When one 
pes to th(? work of Icarninn: one wants to be able to appK that learn- 
in|x outside of the classroom. 

\V(^ need traininir systems that assun» the student that he will 
learn if he sticks with it. Furth(»r, we need syst(Mns (hat will hv helpful 
beyond the clas-^room". In th(» Navy, what' w(>'re intcnvstcd in is the 
real world ()ayofr of trainiufr. We're interest(>d in th(> carrvover from 
classroom to shipboard. We have a .irreat diversity of people who come 
into the servif (» and in a vrvy short time they inust perform all sorts 
of jobs, many of which don't exist anywhere 'els(». 

'riu; p(»()ph' come from all parts of'tlu* country, from all set^mcnts 
of s{)ci(»ty. The jobs are everywhere: lu th(» air, on the sea, under th(» 
.s<»a. The people are expected to operate and nuiintaiu, under very 
hazai'dous and very unpleasant' conditions, all sorts of exotic eqnip- 
nuTit that is absolutely essential to our security. Dr. O'Xcnl men- 
tiom»d how (»xp(»nsiv(» military traiimiir is. stM^ tin* computer' as 
playinfj a si<rni(if.aut role i!i future Xavy trainin<r, both as a means 
for r^^J^;in,<r the training costs and as a nuMins of providing better 
ti^tininii:. 

^Ve ai-e be^;nnill<: to s(»e so!ne of these t(M»hn()loo:ies get into the 
Xavy sehooll'.o)ise. Progress isn't as rapid as some of us would like. 
Ue have some budgetary j)r()bhMns. \iu\ it has been sui^gestcd from 
timt^ to tune that the uniformed memlxM-s of the miliFmy services 
are sonu»times too cons(»rvat ive in u!idertaking nrw sorts of things. 
So it has to bt» piM^t ty W(»1I (hMm)nst nittMl to them that coinputer-base(l 
•systeins will work before tln»y will buy into them and put them into 
the Xavy xdioolhouse. Ami we've Inid >ome success. In the Navv, 
the computer managetl instruct i(>!i at Mem|»his has turned out to be 
(juijc successful, 'riu' Air Force has a sysliMu that opiM'ates at. T.owry 
AKIi, that is simihir' m many i'e^p(*cts. 

WeanMdso I)egiiming lo st^» (he im|)aet of computer assisted instruc- 
tion as It shows up in coniH'ction with various Xavy training. 

Fn the research an^a we ar(* clearly a wan* of what we \\iiv{\ to know in 
order to do this job and do it right/^Ve know that there are great lacks 
of infornuition, hicks of knowh^dge aiul lacks of skill that wi* are goin<»; 
to have to addrcs- through res(\'ircli and development, ^^'e are iroing 
to have to inive computer program^ that will bc» (»asily modified,'^that 
will opi'rate in real time on line, that will have the capability of 
developiiiL': a model of tin* iidornnit ii)n that's to bi» conveved. a model 
ol the skdls to \)r lr;irncd. They will have to havi> on lim* capabilitv 
of keeping trjick of ihr prnirro^ of the student so (hat the nuichiiierV 
of the sysKun can j)rovi(|e to the stndt>nt exa(;tly what he needs a\ 
the tune he needs it and give the student information that will allow 
hun to know that h(» is making the progress that is ini(»nded. 
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Mr. WvLi.s. What lvi)os of instnutioii luv. IxMUji: ui)i)lioil in Mcm- 
4)his, at tlu' imvjil fariliiv in Mi^mpUis jnul by tlu^ Air Fon-i^ ut Lowry? 

Mr. Bkyan. I will spVjik for the Navy Ixm'huso 1 urn inoro familuir 
with Unit. The computtM- is coutnilizotl aiul tlu' rompiitor maiiai.MMnont 
is haridU'il for a variety of Xavy tochniral traiiiin^^ioui^^os.^rioacrally, 
ihv iiitroductorv portion of thoso courses— and they handle a lari;e 
nund)er of students on line at the various terhniral sohools of the 
Xavv. FuiulanuMitals of eleetroiues would he typieal of 4iu* sorts of 
ihinjrs they tearh, fundamentals of nieehaiues or finuhuuentals of 
aerodvnamics. . r * — 

Mr*; Wklls. Did vou (^nconipass rertaui faeots of pilot tranun<^ 
within tins ruhric of computer assisted instruct ionV I ret:all from 
another position on the <onuuittec that I went to Lanirley and they 
have a svstein in winch U.S. i)ilots and otiicr visitors likt^ my.self can 
fly missions aixainst a Russian i)lanc on a pro<:rammctl basis. Is that 
within tin* framcwoik that you consider to be an appropriate applica- 
' tion of this sort'.' r ■ i 

.Ml'. Bryan, ^'es; it is, indeed. And the whole i)ossibility of simula- 
tion is 1 think entirely ai)pi'opi'iatc. It is particularly excitiniz; where 
the perMin who is llvhii: the mission can set up the system to tiT 
thinjis that he wants'to try, so that he can in etVeet try experimental 
tactics and thitiL^^ t)f that s(irt. 

.\lso in the an a of electronic maintenance, for example, the possi- 
hil'itv of sinudatin^^ chd:orat(* clcctrtude eiiuipuieut wlncl^ Uum\ can 
be fipciatcd or which vou < an enpn^e in (lia<:iu)stlc tioubleshootmg 
elTorti; is likdv to be aii aiea of i:ivat payoiT. 1 speak of tiie simulated 
' e(iuipment which was mentioned in tlu-se hearinirs earlier. We have 
had extensive woik done at the University (?f SouthernX^alifornui with 
\Xv, Kii:nev, wlu) has demonstrated within the Xavy trainin.ir context 
the h''ri)fu'lne.-- of coniputer-ha.-cd training,- in the eloctronie mam- 
lenance <lomain. i • ♦ 

Also, ('([uiiiiuent irets to be moi*e aiul more comi)\e\ and as it ^et.s 
more n'nd more reliable you cannot count on on-the-job experience 
for practice in dealinL^ with it. VmWr those circumstances, it is mueii 
more rll'cctivc to deju'ud on sui)phMuent al simulati(m to ju-ovide some 
expcrien.ce for the p(MMMi to practice troubleshooting' skdi-, to learn 
new .-kills, and evaluate lii- old ones. t^- ■ • 

Mr. Wki.ls. Vou bciuL' from the IVycliolojjical ^cienees Division 
1 'Mi<'» \\nn\i\ hr vei v '"om-ciiH'd with m nnndjcr of (piestions whudi 
h,rve becMi rai>i-d throuirhoiit the>e iH'ariui:^ and that is the psycho- 
loLMcal efl'cct.-. both d(det<'riou> ami iH iicliciab Airam, we eome back 
t() this Lanirlev experi<Mice. It wtts <juite intf^vstmi: to have recounted 
to u.— well', thev wouhl brimr in Navy |)ilots and Air Force pilots to 
train (»n tin- InVt met ionnl Taciliiy ami one of the vei-y unexi)ecte(l 
findiip-- wa- the drirree of enn')tion:d involvement wbudi became 
ai)iiarr!it. Indeed 1 ex|)ericnr-e<l thi- mv-elf m tluit you almost for<ret 
that vou are not ilvin- a rc;d airphine.' t hat you are really eniraired m 
a one-t(>on(^ combat situation. 1> that kind of emotional involvement 
pi'e.-.cnt in other ty|)c> of rompin ci--n.-i>ted inst ru<'t ion? Is it some- 
thuu: that >honhl be -onLrht for"' . . 

Mr. BuvAN. ^■es, indi'c.l. It i- nUo j)re-ent m other sit uat ions, l^iit 
I (ion't think it is LTuaranteed. Mv introductory rennirk was intended 
to emphasize that. The ability (d' t he .nM met ion< to adaj)^ is important . 
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It is present in certain of these one-on-one situations like an instructor 
pilot and a trainee. It can play an important part about computer- 
assisted instruction. CAI can be geared to the capability of the particu- 
lar student at a particular time. In your case if you had lost every 
battle and if the other guy just flew the socks off of you, it wouldn't 
be so absorbing. You would soon lose interest. An adaptive system 
would prevent this from happening. 

Mr. \Vells. They did thife, by the way. They did rig the computer 
so that time aftet time the U.S. pilot would lose against the Foxbat 
and after this would happen half a dozen times the guy didn't give a 
damn and didn't try very hard. 

Mr. Bryan. That is right. One of the great advantages of computer- 
based systems is that they can be adapted on line so that the ma- 
terial you are trying to deal with is a])propriate to your level and 
that keeps you right at the edge where you are capable of learning 
at an optimum rate and it maintains your motivation. Yoii are not 
winning them all or losing them all. 

I wanted to go back and mention another specific example from 
the Navy where computer-assisted instruction seems to me to have 
been used very cleverly and usefully. It is being done out at North 
Island and it concerns the use of the computer-based instruction to 
get people ready to go onto a flight simulator. 

Now the flight simulator itself is an extremely expensive device 
and therefore there is only one out theie. It is a team affair and you 
can onlv accommodate three or four people at'a time when they are 



Wh en people were put on that simulator, before the introduction 
of the computer-assisted instruction you had to explain to them what 
all these knobs and dials were about. And, of course, it is just a 
horrendous thing as it is typical of a modem aircraft cockpit. Sub- 
sequently, they introduced computer-assisted instruction to teach 
what all of these knobs wore for. CAI gave them opportunities to 
practice, to learn and to clarify misunderstandings. 

They discovered that a few houi-s of that, which could be given 
to many people at the same time — 1,000 if you wanted, I suppose — 
was worth several hours of simulator familiarization. So, aUhough 
they did not turn the piloting task over to computer-based instruction, 
I think they used it in a very ingenious and appropriate way by giving 
3 or 4 hours of familiarization. When the students went into the 
simulator, they knew where ^ things were and what they were supposed 
to do, so they could begin to practice the team and the d^'namic 
ihterr.ctive aspects of the task that the simulator was really intended 
to o.ilow them to do. 

I t]ruess that I would go back and say with regard to your question 
ahoui the psychological effects of computer-based learning, that it 
can cut- both Ways. People can fool as if tliey have been abandoned 
to an Inpersonal, heartless system. I know of an instance, for example, 
where a computer managed instructional system became deper- 
sonalized, and deprivetl the students of human contact to the point 
that it affected their morale. That is not necessary. It has to be guarded 
against. 

Basically-, I would like to close by underscoring what Dr. Papert 
says. One of the vital ingredients is to get enthusiastic, capable. 
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imaj>;inntivc uiul rrculiv^' to join forros in Iryino; to look at i\m 

area. It is vcrv coiupliontcfl. Its roots vniuo. from tlu3 educational world, 
from tho computer hardwnro world, from tiu- iid'orination science., 
world, and the ])sycholo<:ieal laboratories. When these first cami^ 
together it ercnted Vi'f'*^^' probi(»nis. Much of onr initinl ell'ort was to 
try to j?et people from such diverse hack^^rounds in tlie same room, to 
try to get th(rin talking to eneh other in language they couUl 
understand. 

And oven then, onee a ])r()l)hMn was identified, then^. was a tend(»rie.y 
for each group to want, to turn around and dt»al with it as a i)roblem 
within its own specific disciphne. 

The passage of time, and hoj^efuUy some oi the actions thai we 
took back in the early sixti(»s have led to the develoi)ment of a com- 
munity that is nnu-h more conversant with each other, much more 
toleran.t of each oth(T's views, much movr aware of tlu* potential con- 
tributions of th(» otlu»r discii)lines. And I tiiink w(». an^ ui a far better 
situation now to d(»velop b<»tter comi)utcr-based instructional systems. 

My only plea is in our ell'ort to get on with the exj^loitation of 
(:omputer-bas(»d systems and tbat we contiime to try to locate inge- 
nious, creative peoi)le whose talents can be brought to bear on the 
problem. T taki» a great deal of satisfaction from the fact that a large 
numb(»r of the peo])le who bav(^ a[)peared before you have been people 
who cut their te(»th in this busiue.ss because of supj^ort that we have 
provided. To b(» sue(•t»^sful, we need them - and more like theju. 

Mr. Sw ANSON. [ would lik(» you to step back J'or a monuMit and 
nuivb(* sp(»ak as a ])(»rson>il ol)servcr now and one who has been 
involv(Ml in tbis field for (|uitc a while. A lot of the witnesses have 
nu>ntion(*d that tluiy sec a n»volut icnnry impai^t around the corner 
from the advent of'this t(*cluiol()gy on om* society. I was wondering 
if vou (H)uld comnu-nt on what you thought those* claims really 
imi)l (*d. Are they in faft \v\n\ or is it ju.^t another jiromise such as 
the new math? 

Mr. BuvAN. As a strictly jaMsonnl thing, I'm nol sure 1 knew 
what a r(*volution is and. whatever it is, I'm not sun» I want to be 
around when it occurs. 

Kvervbody knows (here will Ix* a lot of thest» devices which wdl be 
marketed. Thev will find ihe r way into the hands of i)eople who 
have th(» mon(*V in their porkets to biiv^theu. That could be good. 
I de)n't think it neu'cssariiy u ;ll be. A lot ol peo])lf» buy eneycloi)eflias 
and tiever t)])en them up. 

I am in favor of a more p; oirrammrU ie approach that won't depend 
upon sonu' explosive revolutionary- sort of thing. If such a pro- 
granuualie aji|)roach isn't taken, there is a bad n^vohition with respect 
io public education that's going to come about. Maybe that revolu- 
tion is alrendv in j)n)gre>s. It has si-iMHc'd to nu* for the last 20 years 
tluit there are three gioui)s ih.al can b(* id.-nt ilicil with regard to the 
public scliool svslem.One is nuide uj) rf the students, one is nuule up 
of the faculty and stalf. and the ether is nuuh* up rf parents and 
taxpavers. 

It seems to nu' that eaeh of tht- groujjs is dissatisfied with the way 
thinirs an- troinir^ It seems jf) lue thnt changivs are taking place. 
Thev are i-evolut!(Uuiry in the -ense tluit tla* eharneter of I ho schools 
has'ehamred an awful 'lot and n'volutlonary in tlu* sense that, it seems 




U) 1)0 luidrr no (>ii(''s contn)!. ll is nioviiijj; the way tlie coiitoiuling 
iorcos arc. <!ausiii<; it to iiiovc, sliiriiii<r in nii(l(»siral)l<', din^clioiis in 
sonio instances. That kind ol* n»v<)lulion may IxMx-cnrrini; \vi(li i'(»jj!;ar(I 
to tlio public school system. (..Vrtainly \v(»' liave licard ol* tn.xpayc.r's 
r(»voits. T personally ie(»l lliut e(>inpnt(»r-l)ased systcMus hav(» a C'reut 
(leal of potential for (lealini; with some of these difllcult public school 
problems. 

Whether a <z:oo(l '^-oniputor n^volu'iion" will tak(» ])lac(», whether 
the machines will sav(» us. and whether all of a sudden tlu»y will app(»ar 
over the hori/on is hard to say. I think we hav(» to work hard to briiij? 
about ^iroals we want to bi'inS? about. There is still much work to be 
done. But real proi:i'(»ss has been made. Further projzress is ])0ssible. 

Mr. Wki.i.s. i think tlu» context Dr. Swanson is talkinir about and 
wliicdi oth(»r witnesses hud l)e(»n referrinir to in the sense of revolution 
is not an explosion but in the context of what has l)(>en happenin^^ in 
hunian history for tlu* past 1 (),()()() years. 

Ten thousand years a<xo, we devel()p(Nl a^rricullural sci(»nce iji a 
rudimentary fashion. Six thousand years ai:'o| rouirhly. we developed 
lanjrua^'e and nuUluunatical ca])al)ilitios whicdi JjCiran to transform 
society ^i^reatl} . Oidy within tlu* last 'Aim years have we <levelope(l 
science in si nu)deni sense. The world has\'hanu:ed radicalK' in the 
last :U)(Vycnrs, and in th(» past oO yeai^s since* theii a lar*;c-scale iute^-- 
vention by C.iovenunent in sMpj)ortin': research and development has 
I(m1 to a lot of chanirc i!i a. i-cal I'cvolut ion s(»nsc. So 1 think that is the 
context in which we understand tin* u>e of the word ^'n^volntion'* here 
in that we have been ridin.LC the tid(»> of iliest* revolutions by and larire 
rather than umlei'-tandini: what i^ hiipp(MUUL'. 

What we ai'c LCi(»piim foi- is -omehow to >teer ours<»lves a little better 
than simply riding' the eiv.-t of ihe I'cvolution a> it inuners(»s us from 
wlialev(M- the -oui ce may be. 

.Mr. Bitv.\\. iii that sense. 1 would a_Ln*ee iluit w (» arc on the ven'e 
ol a I'cvolution. It i- appi'oj)riale to be roneeriied about trvin[( to 
steer ours(»lv(»s a little bettci". " ^ 

Mr. .ScuKi-Ku. Thank \ou ve!y !nncii for your le>linu)ny. It has 
])een stinnilatinir. We thank all of the \\itiu»>>cs. and \\(» will adjourn 
untd Tuesday, tin* l.sth. at 10 o'clock in ilw mornin^L' in ro(un 2;U8. 

|Wli(M*eupon. at I |).m.. tlu» >ul)«'onnuittee wa> ndjoui-ned.] 
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COMPUTERS IN THE EDUCATION OF THE 
HANDICAPPED 



TUESDAY. OCTOBER 18, 1977 
TIoi"SK or liKPKKSKXTATIVKS, 

C(>>f.\riTn:K ox Scii:n( r. and Tkcm nolocv, 

Si iuoMMirrKi: on I )oArKs'i"i(' and 
1 n 'i'kk n ati o n a li s( * i k n ti vw 1 ' la n n i n ( 1 , 

Analysis and Coopiviiation, and 
( 'oMAirrrKK ox IOdtoation and Lauor, 

Srut'o.MMrrrKK ox Si:i.i:(;r Edt'cwtiox", 

Washington^ D.C. 
The subcommittee met, pursuant to adjournment, at 10:15 a.m., 
in room 2325, Raybuni House Office Building, Hon. James H. Scheuer, 
chairman of the subcommittee, presiding. 

Also present; Mr, Kildee, Mr. Miller, Mr. Jeffords, Mr> Walker, 
Mr. Ghckman; staff: Mr: Wells, Mr. Kramer, Mr, Swanson, Mr. 
Birch, Mr. Gallagher, Mr. Lavore, Ms. Heron. 

Mr. Scheuer. The meeting of the DISPAC Subcommittee on the 
role of computers in the education of the handicapped will come to 
order. 

Now, we're going to operate under a tight time frame today because 
I have a meeting; with some Wliite House people d^wn hero today at 
12:15. So that gives us exact!}- 2 hours. y 

I have an opening statement v/hicii, in order to save time, I'm to 
make orall3\ You are all familiar with the importance of enhancing 
the effectiveness of the — the cost-effectiveness of our methodologies 
and our modalities for dealing with kids special education needs, 
especially handicapped children. You're working in this field. And so 
I will spare 3'ou Vi j .statement in order to save time for the witnesses. 

Thank you K. vy murh for a])pearing toda\'. 

-The first witms is Mr. Robert Herman, Associate Deputy Com- 
missioner, Bureau of Education for the Handicapped. 
Proceed. 

STATEMENT OP KOBEM B. HERMAN, ASSOCIATE DEPUTY COMMIS- 
SIONEK, BUREAl >F EDUCATION FOR THE HANDICAPPED, OFFICE 
OF EDUCATION. DEPARTMENT OF HEALTH, EDUCATION, AND 
WELFARE 

Mr. Herman. K >h( record, IM like to introduce Dr. Frank 
Wi 'ir-^w, who is < ^ .'Special Assistant to the Deputy Commissioner 
of the Bareiiii of ;ucalion for the Handicapped, and who has been 
worKino: ir - ; of computer technology' and the education of the 
bandicrj>prvi. 

(420) 

is 2 



430 



Mr, ScHKirKH, Now, Irt mo say for all of tlu» witnr»ssos, your state- 
ments will all be printed in th('ir entirety in vhe record 1 would urge 
you not to read 'your statements. Just talk to us. If all you're ^roing 
to do is read your statements, just save everybody's time and let the 
next man move forward, beeause your statements will he printed. 

We've read most of your stat(**ments, and those that we haven't 
read already we will read. 

[The prepared statenu'nt of Robert R. Herman is as follows:] 



Mr. Chairman. I am plrnsrd to lie hrrc today to tell you a little l»it aliout how 
the Bureau of Edweation for the Haiidicapped ls attemptiii^^ to liring the benefits 
of eomputnr teehnolopv to improve eduetlonal oiiportuiiities for S iiullion handi- 
fappnfl ehildren a^^etl :i*to 21. Thr use nf romjiuters will undonhtedly figure henvily 
in obtaining an ecjual cdueational oitportuuity for all handicapped children. 
The pas.sape of Public haw IM-brJ, the IMueation for All Handicapped Children 
.\ct of 1975 with its rc(|uirernents that a free ai)propriate pul>lic cdueation l»e 
provided to rvcry ehiUl with a physical or aiental impairment, and that each 
child have an annual individual education i)r()gram has created a demand for 
irifli vidua li zed instruction, 

In g(jtting ready for universal education for the han(lica])i)ed child, the Bureau 
ha« workefl with the private sector to utilize conii)Uter technology. 

There ;ire two .specific use.«=; for computer.-^ in the echieation of the handicapped. 
One i.s the use of eomimters to compensate for the handicapping eomlition. 
Computer-generated speech, for example, can be used by persons who have a 
limited ability to si)eak. Such systems c:in be aetivat(»(l iiy either numual or oral 
output. The reverses of this e,\anii)le would be the turning of print, into speech to 
enalile the blinrl to have :ic(ess to th»' iirinti^l i):ige. The technical problems of 
conversion of print to speech are less dillicult than the transformation of speech 
to print. 

Despite these (lif!icidti<'s ihc Bureau is jairsuing some intermediate ste|)s to 
tiu-n speech into capti(^iis for television. .\ contract with Teledyne Cor|i. is helping 
to explores "real time" captioning of live event and program. The system would 
u?c a eoniimter-generateii print whicli provides ])rintcd Knglisli on th(^ screen. 
In the lu-ar future it shoidd be jiossible to have (levelo|>ed systems which will 
transform speech into instantaneon-^ jirint. .Such an aid taken to the personal use 
level would be an invalunblr device for* <le:if individuals, 

Otlier witnesses at this hearing will I'C describing the efTf-ctivencss of Bureau 
inv(»stTnents in comiiuters nnd computer tcchnolctgy. Most notable of thos(^ are the 
Kurzweil Reading Machine which con\erts ordinary printed materials rapidly 
into spok(Mi Knglish at words per minute. Tlie device could hav(' enormous 
impact by allowing blinrl students to n :id most of the same texts and printed 
materials* as their sighted peers. Other major ]ir*Kbicts of our work is the OPTA 
CON, now a nationallv known and tested direct translation reading aid for the 
blind and Telesensory Systems* vf-ry ctTective ^'talkiir^^ ealcuUitor,'' Dr. Kurzwcil 
and Mr. Nelson will go into greater' «letail I am sure. 

\l the Clarke School for the Deaf in Massachi:s(-i ts, (-xiierimentation is being 
earriefl out to develo|) a coMi|>uter eont rollc'il speech aid for the fle.af. Devices 
being fleveloped under a c(»ntr:iet with the firm (»f Bolt, Beranek !ind Newman 
haw the i)oteutial of aiding deaf children devel<i|i efTecti\e s|)eeeh |)atterns. 

Farly i»\|)erinient:d development of iypewrit(-rs fiu* severely h.andieapped 
individuals is another example of ih(\ |)erson:d <ie\ ;ce whi*'h uses computer tech- 
nology. Cybertype uses a comuutey in combination v/ith a rj-yular ty[)ewriter io 
a How a V;iVi(*ty of severely handicapped iieli\'idua!s t" ty])(». Sonx* of these devices 
enaV)le amputees t(} ty|)('\ others allow totally ])araly/.ed individu:ds to activate 
the tV|)ewriter through a whis|)er or eyeblink. 

ThV seeniitl and most rai>iflly develojung use of computers in the education of 
handic:i|>ped childnai is computer a>-isted instruetit>n in remiliir school |)rogram'^. 
The com])UTer can perfor'ui two mi>-ioii<. I'^irst it can be the patient, non-threaten- 
ing instructor that can repeat nver' and "iver ag.ain for a child wit li a learning |)rob- 
lem. It can provide a chihl who limited in liis exjire-^sive abilities new ways to 
express his ideas and tliMUghts. 

A past exi)eriment with se\erel\' handicap|)ed children and telec(nuunmieations 
called T(?l-Catch at AnduTst, New ^'(»rk has iiicorponited a comput(»r educational 
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svstoni with tflrvi-inn prnm-:iniiiiiii^ tn linfiics wlu-nMMHilinod hniulicapptnl chiUlroii 
reside. T(;l-(*;Ui'li, fini<l'*(l ini"lrr a il('itii»ii-*tr:itii«ii ni-aiit !>y the Oflii-eof I'Miu-atioii, 
Bure:ui ()f Kdueatioii for the UaiKheappc'l, nnw eaii hriii^ echicatioii U> ehildrt'ii 
who are faceil with rei'urriii^ rntwlifal problems that force them into ehroiiit- ab- 
senteeism. Todav, this program permits ehihh'cii eoidiiied to llieir hoiiu* to keep 
lip with ehissma'tes simply by (haUiii; their teh'phoiu' and ttirninn on the family 
ti'levisioii. .\ ehild eaii eh("»ose from a wiile raiim* of snlijiH'ts speeilieally tailored to 
his or h(T needs and at his or her own paee. This interat-tive system has preat 
j)otential for tradil ionalh* livpassed haiidieapp<Ml children. 

Cnrrently the Utireau U funding several eom[)Uter-assisted instriuttion projects. 
One is a project working with -everely handicapped chiUlren in basic language and 
math skills. TliiM»l)jectivc of thi> project is to work with se\'erely n{Ui-verbal chil- 
dren and to provide theui with a >ysteni for acquiring these skills. 

A second contractm', thi- one in "C:alifornia, is devehiping materials and cxpcri- 
meiiliiig with less seven'ly hanilicapped chihlren in a regular sclionl setting, .\gain 
the subject area i- laiigua'gi' and math skills. This system is using nw.'re traditional 
programs and \< deni.»n-t rating the way that, computer-^ sui)i)lement the regular 
classroom activitii-s mi that moilerately handicapped children can keej) tij) within 
normal classroi uns. 

The OiWvr. of Kducation ha- just begun a contract with (lallaiidet College and 
the Comj)Uter Craphic ('e!iter of Ohio State L'ni\M'rsity to develoj) materials in 
three dimensions. Computer graplii'-s do ileiimnst rate MUiie specific langtnige con- 
cept^ whi(di are iliilieuU to demonstrate in the traditional classroom. Computer 
grapliii's r-aii demonstrate dillieult concepts to deaf children. 

(.Mieof the major part<of IM.. <M -142 calls for the haiulicapped child to be odu- 
eatefl where\er possiiile with Ids iion-haiidicapl><Ml peers. To do this wc nitist be 
able til train ti-aelu-r^ ^^^ the handicapped and regular (dassroom teachers to work 
with ihe.-e (ddldreii in tin- regular elassnHun situatitui, \\'(' are in the midst of two 
cnnipuler-assi-ti'fl tra<dirr training prngrams. The wnrU is being done at tin* 
I'niversity of lu'liaua with t In- spei-itic purpf^-l• of using computer-assisted training 
techniiiues t() <lcvi'! 'jf and imprii\'e the supply of speci:d rd\u'atioii teachers. 

In summary, computrrs offer a wide le\i-l o'f potential usi' for the haiulicapped. 
The piM'-onal" interface whicli conipen-ate-; for the pi-rson's handicap, the use of 
eoinputers a^ a learnie.g aid Jimi the um' of computers as information aids all hold 
pidiiiise foi' iMlucatiou of t he^haiidica j tp<vL In -onie instances with severely handi- 
cappefl inili\'itlual> there i- thr opportunity for tin- comi)Uter technology to opon 
up tlu' World of n .inmunications. In some i-atanei's the computer may be able to 
provide the as-i-tanc*' that th<- child needs to remain in a regular classroom. In 
snnie instances the computer may i)rovidr the profrssioii with the information and 
ilata requin-d to help plan and di'li\rr the education retpiired by a given ehild. 
Then- are ipjestion- facing tin- .-pi-eial r-lucation lid. I as tlier'e are in general edu- 
i-ation i-onci-rniiig the cost elTectivi-ni-- of the u-e of computers. We believe that 
the aiM'J'ojiriate uso of coinputi-i- <-an :»-dui-e the need for highly trained specialists 
and i-an a>-Ut the liandicapp'-d ehild to <\\v]y along <ide the regular eliilib We 
believe that -nioe of these n-ehnitpn-- of indiN'idualized prnpraiiiming hold great 
potiMitial for i-riu'r.il i-dtication a- wrll a-' for >priaal education. 

W«' know f!-oui \Ki<\ experliiP-iit- that hatu licapped children can learn from com- 
pulec-aided in-truclioii; that tliri<- i- a greater liki-lihoorl of providing a conipre- 
heu-i\.' i-urt ii-ulum for haiiilieapp«-d children through roniputer programs; and 
that personal intorfaec-; with eotiiimti-r- are i-\crllent ways for severely handi- 
cajjpi'd children in ha\i' nieaji^ of i'\pp'--ing their idea-^. 

Miero computer-; i-ouph-d with new graiihn- system-; >uch as MC.\ video dise ami 
ti'lei'ojriKiunieation -v-tem< offt :- a new ei-tu-rat ion of -upport for the handicapped. 
With th,' -upjjort .^f th.' ( 'oie-:r''--, ihi' ntlie*- of |-:i lin-a t ion. through the Hureau iif 
laiueation for ili.' ! !aiidi«-app'-d will a;o\r- forward to >pon-or demonstration and 
n-M-arch ar'i-.iti''- fo il»-\i-li.p appliration of modern ti'chnology to educating 
h.uidi<-app.-d i hildr. and to a-M^t -;.,te< and loeal a^meie^ iii implementing 
these ni'W I erluiii jia-- wh.e!c wari anted. 

.Mr. IIkijm.w Mr. Chiurtroin. the passajze of l^ihlic Law 94-142 
tln' Ivhicaticui tor i lirn'lirjii)j)eil Children Art of lOTS. which 
^^tiarnntee-^ for all hniulieapped rhildroii a free, n|)i)roi)riate ptihlie 
edueiit mn. nnd iiu'hides odtienlinLr tln' h}indieiij)]H'd ehihl in the lortst 
restrictive settiiii: inukes lh(» need f<«r the use of coinpiilers and the 
npplieation (^f eotupnler teehnoloi:y ant! t>ther seientidc tetdinology for 
the han<lieiip{)od child oven more erucijil. 
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Wliihi the Confrn'ss was workinj,^ on (Icvi'lopini^ a Inw thiit nuindatcil 
free approprinto ])ul)lic ('diUMilion for all of tlios(i (-liiltlivn, \V(^ hav(^ 
been also ])ursuin<x various research aii^l deiiionst ration ])rojer,ts whicli 
are (leslgiiod to enahh^ the han(liea])i)e{l child to pursue* his education 
to an efFeclive completion. 

Some of the material you s(m» aiound you today and that will bo 
denu)nstratcd is the work of (hdlars a])pro])riated under th«' Kducatiou 
of the llandicap])ed Art over tlie last S years, ii\ sU])portin2: various 
research ])rojects and various expcrinuMits, and utili/imi: already- 
(^xistcnt com])utei- and othei- technology. 

We have been searchin<r for s])ecific uses over titue for ct)m])Uters in 
aiding to educate handi('a])ped children and for using (•oiu])uters to 
work with the deaf ])0])uhition es])ecially. Activities like comi)uter- 
generated s])eech for ])eo])le witlr a liuiited ability to speak, giving 
them an o])])ortunity to be able to eomuuuiicate more elFectively, as 
well as converting computer-geiU'i*ate(l ])iiut iut() s])eech for blind 
peo])le, has been beneficial tt) the denf. the blind, and other handi- 
caj)ped indivi(buds. 

'I'he Kur/weil Heading Machine — and Ka\' Kinv.weil will be hero 
this morning- has becii partially devel(j])ed in j)art with tlie aid of 
the Bureau of Education for the 1 1 audica])ped rcscaich and dcvelop- 
luent fuiuls. 

The ()])tac(fn, whifdi is a senstu-y reachug nuudune f(U- the blind, has 
also been developed iu part hy funds from the Bureau of Education 
for the IIandicaj)])e(l. 

So there are a great nuuiv activitie> that are going on. The state- 
ment speaks for itself ou liie kind> (»f activities that we have been 
pursuing. 

The ])nint of the matter i> that a- Congress hns uumdated in legis- 
lation the placement of the luuulirapped cliild with his normal ])ecrs 
wherever i)Os>ible. at any o|)j)ort unit y j)ns>ible, in the so-called least- 
restrictive cuvireiimcut. it becouus even more iiu])ortaut t!uit handi- 
capped children be able to work at their own j)af-e. to have an o])])or- 
tumty to have material presented for them with their own ability to 
acce])t it. and to have ?nateriaU proeiUeii to them in a differeht 
(h^gree. or in varying degree, of >t \ les nnd nuxles. 

So we are very imu'h iutereste«l in /-omputers and the use of coin- 
])Uters in tMbu-ation for the haudicaj>|)e(l. e>j)eci:dly in the com])uter- 
assi>^ed instruction area, where hainlicaj)ped children, learning 
di-abled children, a> well as the hr(*ad rauL:*' of mentally n^arded 
and other kinds of rhihh'rTi with dilliculi}' in learning j)roce>ses have 
an op])ortunit\- for this >elf-ir«>neralcd. srlf-j)aced ])ro(*ess. 

In addition, W(» have usr(l the coujputer to help train regular and 
special teachers in the in-s(>rvice and t he j)i'e-servif'e trail dug of 
teaclier> — tearhers who ;ire in schonU where they do n(»( normally 
coiue into conta< t with s(^\-erel> -handicaj)ped youngsters. y(Mingsters 
who arc at the low incidence of haiulica j)j)ing cmiditious. 

Also, comj)U(er-Mssist ed iustruclinn has heen lised to train teachers 
in-service at tln'ir luaue (h^triri^, wiu'i'!' teachers :u*e not clost* to a 
met roj)olitan iwcn w here they cnii cMsily come to mii in->ei-vice I raining 
])rogram, nr speiul a week r.r 2 weeks or a weekend with experts. 

\Ve also de>ii:ned ;U Pemi S{;ile I'luversity m pnu-ess wbendiy 
teachers through ('A! c-M] learn to deal with the }i.andicaj)ped child. 
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As more haiulicjippod childrcii niovo iiito tlu* r('<riilar ' clnssrooin, ns 
more hiimli('ii|)|)CMl clioldrcii uiow' into tluit kinrl of a situation where 
they're with their normal peers, it's imjjortaiit that tht; teacher in 
the ret^iihir ehissroom — in faet. it's jjrobahly oae of the most impor- 
tant tiiiiit^s — he immersed in the special education aeetls of the 
handicaj)ped child who will he placed under his or her ^riiidance. 

Another area of importance* is the traininij; of aides. As we deal with 
the handicapped child more fnMpiently in the puhlie school situation, 
and handicapj)ed children ai-e retMmed from residtMitial institutions 
wherever possihle, we nvc trying to deV(»lop aidts and paraprtifessionals 
to serve ihem. That's somolhinu; you' ve been intere>tetl in, Mr. Chair- 
num, foi' a long period of time, tlu» d(»velo]^m(Mit of new careers for 
th(^ poor, paniprofessionals. 

Mr. Schi:i:ku. You're eNtremely well infornu'd, and your memory 
fj;oes back at h»ast a deciuh*. And I jippi*t^ciate the citation. 

Mr. Hkrmax. Thimk you. 

Mr. ScuErKii. I'hnnk you. .^crious sjjcakini:, J'm very proud of 
that pj'.ra j)i-ofessionals ])i-ou;ram. the new careers ])roL]:ram, and if I 
n(»ver ncc()iupli>h aiu)tluM' thiiiir in ('oniri*ess. as i'ar as I'm concerned 
m\' stM\ here will have bt»en W(»ll justified b\' that. 

Mr. IIkhm.w. Well. I laid an opportunity to work with you when 
you wei'c (h'velopind: that Icixislation. 

Mr. SciiKi'KU, Yes. It ch:int:ed the way we look at the poor, and 
it (dianired our j)erception of what their potentials and their cai)abilities 
ai'e. 

Mr, 1Ii:k.man. Kxaetly. 

Mr SciiKrKK, And il's :renuiiuited ;dl over the place. In almost all 
of the media i)i'(»L:rani> \\v now arv involviiuj; ihem in providing 
services in wnys that we neve!' woi.Id have thou;.^ht possihle. 

.Mr. IIkkman. For exaii-ple. al the Bureau of Edumtion for the 
I landicMpped, we :in» workinir with one of tla* people you've been 
workinjj; with over the ye:irs. Frank Kiessm:m and Alan (Janhier. 

Mr. Schki ku. Terrilie, 

Mr. IIkuman. In w<irkiu,i: with them, they're helpiniz; us to guide 
au<l sha]>e par;iprofe>-ii>nal li'aitiinLr pro^i'ams ail across the country 
at universities and comnuudly eolieL^es. n) train peoph» to woi-k with 
the handicappeil child. There's >uch a Lrreat n(M^I and there's such a 
LTi'eat demaiul. We've also made pi'omi>es to teaehers in the regulai' 
rla->rooms that they would not jj;o without aides mul witluuit support 
services. S() w<''i'c usim^-* 

Mr. ScHKCKit. Y(»u made pi'omi>e^ to wluanV 

Mr. IIki:ma\. We made proni;-e^ to teachers in ;h(» rcirular ehiss- 
room tliaLtliei'e would i>e aide> irauu-d, that there wonKl lie a way 
{)( trainin^^ aide^ for a->i>tance. 

Mr. .^ru kV KK. You km)W. that's ver\' ironic, because- in the early 
days of tli(^ i»ew careej's pi'OLM'am, as you un<loul)tedly remember, 
^the teacheis were very lio^tdo to the idea 

.Mr. IlKiiMAN. 'rhat*> riLrhi . 

Mr. SriiKi KK (coul inuniLf]. int roducini: a .-e(M)n<l adidt in tho 
cla»!*ootn. who woidd b<» lookluLT o\'er her >lioulder. There was an 
enormou^ amount of ho^tdity and prejtidice to overcome. 

Mr. IIkioian". That riLdit . 
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Mr. ScHEUEK Wlion you tell mc toda^'' tlmt you've promised the 
teachers you won't take away tKcir aides, we've conio a lonp; distance. 

Mr. Herm.\x. Mr. Ciiairman, we're tryinjx to create opportunities 
for the trainin^z; of aides. Many universities and colle^^es, ev^ a the 
4-year variety, are heavily involved in training paraprofes ionals 
and aides — not just one or two univeisitios around the count-y, but 
a f^reat many are into this whole area. 

Mr. ScHEUEu: Yes. 

And, whereas, they first used tiie aitie.^ mostly for takin^^: off galoshes, 
and serving lunch, and keeping attentlaiice charts, and issuing bus 
passes, we've found now that the computer can issue bus passes 

Mr. Heum.\x. Yos, sir. 

Mr. ScHEUEK. Now the aides are an integral part of the learning 
process, particularly where the rhild — antl this is particularly true 
of handicapped tdiiulron — has need of n one-to-one relationship with 
a concerned, ca^'ing adult. There the aitle plays an intlispensable role 
in helping the teacher handle the large class, because there comes a 
time when that kid needs a 1-to-l situation for 15 minutes, or an 
hour, or 2 hours. Without it, they've come to a deatl end. With it, 
they can .^till be part of a classroom grouj). 

Mr. Hekman. Exactly. 

Mr. SctfEUHii. The teachers have moved in a full circle. They have 
v.omc to believe that the presence of one or two aides is indispensable 
for them to play their role. 

Mr. I1eum.\.\. That's exactly right, in fa('t, in their concerns 
about Public Law 94-142, the teachers in New York State 

Mr. SciiEVEK. Would you ti'anslate that into the English language? 

Mr. Heh.man*. I'm sorry. Public Law 94-142 is the act which you 
helped to pa.<s u]> here, tlic Education for .Ml Handicapped Children 
.Vet of 1975, wliich is the free appro[)riate public education guarantee 
to all handicapped children. 

Tu their concerns and their iraising of issues around the country' 
nuiny teachers, including New York State Teachers Union, luive 
raised the concern that the aides and ])ara])rofessionals that they 
have within the classroom will go on, will stay there; and also they 
will get additional hel]) and support in bringing help and sup])ort and 
services to these children. 

Mr. ScuEuicu. I can teil yon that that was not the ])oint of Al 
Shankei* and the T(»ach(M's I'liiori 10 or II years ago. 

Mr. Ukkman. Of rM)ui'sc. now thcy'i'c in there. 

Mr. ScnEU?;u. So wt^'ve come full cii'( Ic. 

Mr. Hekman. Ves. 

Mr. SriiHrKU. Well, I congratulate you on — completely apart from 
this testimony — rni the work that you've done over the years with the 
aidc> and whole ])ara])rofcssional ])rograni. 1 thiidv we've done a 
wonderf>d thing. We've given people honorable and meaningful 
careers who never would have e\])ectcd to have achievctl such status 
by and huge, and we've also enriched tlie edu^-ation system and made 
it more relevant and more sensitive to ])C()]de. 

r think that this has turned out better than any of us ever dreamed, 
even those of us who su])ported the program, like Frank Kiessman, 
Tom Gardner, Pearl, ami Russell Nixon. 

Mr. Herman. I think you and your staff were exactly correct sonic 
10 years ago. 
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Mr. ScHEUEK. S(;. in terms of the coiiiputor, do you find that the 
aides iire able to use ilw coiiiputei' with the cliihl? 

Mr. Herman*. Vv'hat \ve^-e iiiuliiij^ is that wo can train aides and * 
teaf:hers through the use of (:oni[)uters, throu^^h the use of computer- 
assisted instruction, to work with the handica])pe(l chihl in the regular 
c'hissroom. 

Mr. ScHEUER. I guess on a more sophisticated level than that aide 
coukl have functioned at M-ithout the aid of the conii)uter. 
Mr. Her.max. Yes. And also in(le])e!ulent learning. 
Mr. ScHEUEu. Yes. 

Mr. Hehmax. They can learn at their own pace, they ean learn on 
weekends, they ciin deal with instruction where they are not neces- 
sarily near a niajoi* university oi* college, where there are opportunities 
for inseiTice training. And that's very important. 

The cost of inserviro training is enormously liigli. Also, when you 
bring teachers to the big city, they don't want to retuni to the .smaller 
rural areas, and we often lose them from tlie very importart job 
they're doing with^he handicapped child at the local level. 

So, we're trying to keep the teachers at the local level, keep them 
at their home bases, and usci computers and other kinds of resources 
in order to get aid to them to improve their ability to work with the 
handicapped fdiild. 

In snnnnary then., we think the computers and computer-assisted 
instruction and computer technology in all forms of science have an 
enormous effect on handieapped children — not only handicapped 
children, i)ut nil exceptional (dnldren such ns gifted and talented 
dnldren, who also need to lenrn tit their own j)ace, and also need to 
move in a direction whieh might not be usual to the so-called normal 
range of children. 

Mr. ScHEf-KH. Yes; I was talking to Prof. Abe Tannenbaum, of 
Columbia University, and he tiiinks the jjotentitd of applying the 
eomputer to teaching tlu^ sj)eeuilly gifted (rhildren is enormous and 
totally URtaj)ped. lUy thinks there's tremendous potential there. 

I suspect that we Ml have another dny of hearings on the use of the 
computer for teaehimr gifted children. 

Mr. Heuman. Well, there are uni(}ue projects, like Tel-Catch, in 
And 1 erst, X.Y., whieh is experimenting with that. They've sho^vn it 
works very, very well with children who jire ehronically ill and who 
need to he at home for long periorls of time, ehildren who can't get out 
ordinarily during severe weather. \W simply turning on their television 
sets, by having eassettes with them, and other kinds of instrumental- 
ities, they can kee[) np with the kids in the classroom. They can keep 
up, and when they're able to return to the ciassrooni situation they 
ran be curr(uit. And this is very important ^^•i:ere children with cere- 
bral |)ii!sy, or who are ehronically ili in other areas, or who are crippled, 
children who can't get out for one retison or another for prolonged 
periods of time, have the opportunity to keep up with the regular 
classroom seliedule 

So we sec» those areas as extrem(-ly important, 

Mr. ScuErEK. ^'es. 

Mr. llEUMAN.'Hut 1 think you'll >ee this morning the fruits of a lot 
of the labors of Congress in a[)propriating funds which helped to 
develop many of those activities. 
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But I tliink tlie next iniportmit tliin- is the VAlulation, tlio onsinocr- 
ing validation as well as tl.c c.luc.itioaal validation, of soiii<> of tlicse 
.RrSat activities tl.at Imvc been carried on And }'>™'/'Vn?l nniver 
implementation phase, convincing; loca school '^"'^'•''•^ 
sit es and eoUc-es around tlio country that they are not onl> edn< - 
tionallv henefic^ial, hut that they're ..ost e(Ve..t.ve for children, asjell 
and that it will lower the very heavy cost, very heavy huiden, ot 
nrovidin'' education to the handicapped child. r „ : . 

One' of the thin-s that is kcepln- us hack in this area "Y'0'>r'^c. i> 
the hi-h investment at the hc-innin-, uncstr.ieut in Hie hardware, 
and investment in other kinds of materials that p. aloii- with nu- 

^^"?,-'sS'SS^ne of the things that I ,uess has discouraged the 
ConCTCss was in the operation of the title I proCTaui of the LShA ac . 
the Elementary and Secondary E.lucation Act. '1 wo '"o" h;^ 'efoic 
the. end of the fiindin- year, the money's just l.eeii ai.proi)r,ated. an. 
in a frantic effort to .spend the money, the schools huy a lot ot 
luvrdwarc. 

Mr. Hkkm.an. Yes. . 

Mr Sc'HEi-ER. And the liardware ended up in a storage room. It 
it ever did fret out of stoni-e nobody knew how to use it. And it w-^s 
It great, big^ fat mess. I think tlie Congress was a little bit turned off 

''"^It's^Mufortunate that it turne.l out the way it did, because with a 
little thought and a little effort the har.hyare can be made euorinously 
effective T hope that in time. I.y uiflhgeut administraliou of this 
■ program involving hardware, it can sort of overcome that stigma 
brought on 'bv the operations of title 1 of I'>hA. . . ■■ 

Mv. 1IKU.M.XN. 1 think you need peoj.le with traming in the use and 
maintenance of this h-ird'ware and other nuuerials. 

Mr Sc'iiErEU. r think that's right. . . , „ 

\Ir' I[FiiM \N This is needed within the school district so they don t 
ha've to (;all or get into heavy contracts vvitli private operations. 

\Ir ScuEi-Kir Congressman, Bradenias unfortunately had a leader- 
ship mcetin- this mornin-, m) he wasn't able to come. But he lias at 
least two vel-v able representatives who will ask questions. 
Mr. Weu.s. One verv brief question, Mr. ( luurman. 
Mr Herman, we had testimony last week to the effect that the 
.•omi.uter earlvonsimplv replaced. :,n dogoiisly with the aide situation, 
took on pavmlls and inventories, very trivial kinds ol clerical opera- 
tions. And 'this is tvpirally what we do with a new technology. And 
believe Dr. Papert used the analogy that the utoniobile was he 
horseless carriaw. and the term.nology wa.s very ap , that t iat . the 
vvav we thou.dit of the automobiles simply as replacing the horse. 
Ami in the computer area we starte.^ out with very comparable types 
of thin-s Now we're moving .to new levels of umlerst anding, new 
lovels ol anpreciatinir the full potential of the computer 

For example, in diagnosing learning difUculties of children in the 

''''\re"There some specia' applications of diagnostic -that is, using 
the computer as a diagnostic tool in looking at the special problems 

of the handicapped? , , , : 

Mr IIerm.w. I'd like to ask Dr. W itiirow to liel]) on tins. 

43. 
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Dr. Wiiiiiiow. 'rii»M'(''.s Ix'i'n a. iri'oU (h'al of (lis us.-ion of this, and 
tlieiT Ini.s l)eeii some Ix'i^iniiiiii/ c.xpci'iciw'' aloi\ir these lines. One 
exj)(M-iiiicnt that we funded, with i>olt, Heraiiek Xewiiiaii in Mnssa- 
chu.'tetts, with the deaf, was involved in the dia.iriiosis and remediation 
of speech. As the child speaks, eertaiii kind< of frames actually take 
phice oil the teh>vi>i()U sci'eeu. For example, th(^ [)iteli ijas to do with 
liow hi^di the hnsketball lu't or the eireh* is; the duration is whether 
the hall iroi^s throui^h the net. 

1Miat'"s a threat simphlieatioii of nuiny diU'ererit teelmi(iues. It made 
younii children, in effect, woi'k with the rmiterials, Then, ()ne, could 
il(>veiopand define the i)articular pi*ohlem> that were within their 
speech, and not only diatrnose, hut actually use ihe tech\.oloiry for 
remediation. 

There are a nund)er of oiher exam|>les in which scverel\ hantlicapped 
child i"en which had no othei' means of cxpi'csslon, could oxj)ress 
themselves throuirh sonu' kiiul of interlace witii the computer. And in 
those instances- -and we're still in a cum' ^tudy basis — we have found 
that soiTie children — severely haiulicap.pcd . luiaMe, to speak, with 
may he ju>t an al/ility to iTiove a hand or an eyelid— have a m'eat deal 
of intellitren( e. 'j iicy've learned to pro,iii'ji.m comj)uters. They've 
learned t(* ta'k and woik with co-nputers. 

Mr, Wkli.s. What ><ru<-k me wa> an example of Dr. Fnpert's, in 
Dr. i^ipei't's lotimony last we(dv, in wliich a chikl. a teena;j:er, was 
considered retarded until one of his ex|)eriments in workini: with 
this child. l)\ enaldiuLr this preson to work with the computer, suddeidy 
opened up iMitire new- tlii> child Was not retarded at all— a?!d opened 
up corjijdete intellectual hori/.ons. miuI it was his estimate in a few 
vears this jjerson would l>e able to do 

Ml'. IIkum.vx. Autistic (diildrei\ and chihh'en who are seyorely deaf 
also have had the computei' ope!i up the world to them. Cluldrcn who 
had not reacted ])reviously to peo|)le, thrtJiiirh the conii)Uter, have 
often had the world simply opened up to them, and a whole lenrnin:;. 
pn»cess be^ruis. 

'i'here's also been >ome ve!'y excititii: thinirs done in (lia.miosis of 
medical conditions and ihey i!iay have some a])plication in dia^aosiru; 
educational needs. 

Mr. Wkli.s. Are we douiir enouLdi research— -it an overall (piestion, 
obviously, that we a>k - do you have enou<rh money? Arc you — is this 
an area in which resources should be allocated-? What areas would you 
sutri^est would need moi'c resoiu'ces, more work in this area? 

Mr. llKitM \x. W(dl, it's always temi)tifii^ to say that, we don't have 
cuouii:h resources oi could use more resources — we always could, 
be<'ause the dollar is scarce, and the denuni{l ^I'cat. It's always easy to 
say that we could use moi'c resoui'ces in this ai-ea. . 

What 1 thudi w really need. tliouLrh. is more cooperative ventures, 
more niuhustanduiLr fi'oiu the service deli verers- - moi'c opportunities 
to experiment with vai'ious kinds of fuaterials aiul technicpies, more 
opportmuties (o e:<j)eriment in local s(diool districts to see what really 
works and what doesn't work. 

We've liad a ^i^i'cat niuid)er of succf'ssful ed'orts, in usini: some kind 
of computer-as>isted in>t ruction, between the title i pro«j;ram, between 
Kducation of the Handicapped Act j)roLrram, aiurmany other areas — • 
Public Law S!)-:; j :;~1 nstit ut iomdix.ed Child nux protrram — which we've 
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seennmny opportunities to uso diaj^nostic as well as teaching: materials. 

Mr. \Ve:.ls. Well, I won't belabor the point, but it just seems such 
an important subject, as far as the concept of ])ilot programs and 
product research projects. 

Thank you very- much, Mr. Chairmar 

Mr iicHEUER. Jim? 

Mr. Gallagher. One question, Mr. Chairman. 

Mr. Herman, another witness today will state that there's a very 
'severe proolem downtown in t-he area of jurisdiction. I understand* 
from his testimony that you sponsored a meeting and invited the 
Veterans' Administration and NSF and a number of other groups to 
attend -his meeting. And' this witness stated that there's a question 
o^ juiisdiction in this field, and who's funding what, anri so forth. 

I was just wondering if the proceedings from thi.s meeting could be 
^rovi(^'"d, wim the chairman's perinissioii, to this committee. 

Mr. Herm.vK. Certainly. But 1 know of no su(!h problem. 

Mr. G.VLL.\GHEu. lie stated there's a ver^- severe problem in this 
wiiolr* "^^a, downtown agencies — in other words, who's more equal, 
who's ically responsible, who does the funding. 

M''. IfEU.yiAX. Well, we — yes, certainly. The ans>ver is yes, of course. 

Mr. Gallagher, Fine. 

Mr. He R.MAN. We've certainly, been very sensitive to the issue of 
jurisdict n in the area of (education for the handicapped chMdren, 
and have tried to bring together groups of p(»o|)le who have beon 
able to improve services and programs. 

We just. completed an agreement with the Rehabilitation vScrvices 
Adhiinistralion, an agreement signed by Commissioner Boyer and 
Commissioner Humphrey, concerning improved services for the 
handicapped. 

We have bofin working very closely in other areas. I don't sec- -I 
didn't see any jurisdictional problem up until this point, but .since 
. you call attention to it we might be nble to focus on it. 

We have had meetings. We are bringing together, under Allen 
Dittman, one of our senior research people assigned to this area, 
people to consider problems, and try to coordinate Federal funding, 
and to target on particular areas in which there is a need for further 
work.' 

The answer is yps, clearly. 

Mr. Gallagher. And yoirre tlie leading ('0(U'rllnator, Government- 
wide, across the board? } . 

Mr. Her.ma.n. So far* as educating handicapped children we're 
trying to play that role, yes, sr. 

Mr. Gallagher. Thank you, Mr. ("hairman. 

.Mr. ScnKL*KR. Questions? 

Mr. BntCH. Thank you, Mr. Chainnan. 

Mr. ScHEUER. Wouhryou identify yourself? 

Mr. Birch. I'm Tom Bu'( li with the Committee on Select Education. 

Mr. SciiEUER. Would you introduce your colleagues? 

Mr. Birch. Ves. I have with me Belita Heron, who is also on our 
subconnnittee staff; and Marty [javorc,- who is a staff member on 
the full Committ'»e on T 'Mcatiorf. 

Mr. Herman, very often we' have seen the development and re- 
pearch going into these technological devices that arc used in the 
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classroom. Howevor, the dissemination of these innovations has 
been limited. * , 

I wonder if you could tell us what sort of assistance or guidance 
the Federal Government is able to provide to make these dpvices 
more widely applicable in classrooms? 

Mr. Herman. We recon:ni/.e this; i)roplem. We've done;a lot of ' 
research in the Bureau of Education for the Handicapped in the last 
10 years or so. 

()ne of the things we're very much (concerned about is the market, 
the professional marketing, of materials and^-techniques. And we've 
established a special unit in the Bureau to handle all marketing of 
successful technological products stemming from Bureau-sponsored 
research. We've established a unit with a number of outside advisers 
from the private industry, various different consumer organizations, 
and people who have been working with the handicapped across the 
country, as well as producers of the materials. 

Two areas that we've selected for heavy work and heavy testing 
is the Optacon, which you'll be hearing about later today; and the 
Kurzweil reading machine. We've gone to a very complex review 
j)rocess to niakc a determination of where the Federal money could 
ne best utilized in disseminating the effective outcomes. 

Now, a lot more could be done. We are trying to do a lot more 
with limited resources in this area. 

But we believe that a fot of the good technological devices that 
have been developed must be gotten off the shelf, whether or not 
they are for low incidence populations, and. they're not really profitably 
attractive to i)rivate [)roducers; or if there are simply opportunities 
for mass marketing. Sa we believe that we should be getting a lot 
of these things off the shelf, and we have taken ste|)S to do' so. 

Mr. SciiEUER. Your testimony was uuirvelotis, but we have time 
restraints and we've been going almost a half hour. We've enjoy e/1 
every minute of it. It's been very productive. 

Mr. Herman. Thank you. 

Mr. ScMECEu. Thank you very, very nmch for your testimonv. 
Vt'c.'vc enjoyed it, and we've [)rofited hy it. Thank you. 
Mr. Herman*. Thank yojii. 

Mr. ScuEriER. The ncKt \\'iiiu^<>> is Ka\^ Kurzweil and Barry Unger 
of Kurzweil l-om()uter Proilucts, hu . 

Now» we are in a terrific time bind here, gentlemen, so why don't 
you talk for o or (> minutes, and th(;n i(;ave another 5 minutes for ui 
to ask (juestions. ^\*c're goirig to haV(» to stick to a pretty rigid 10- 
minute limitation from here on in. 

[The ])ropared testinion} of RaVmoml Kur/.weil is as follnw^- 
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Mr. Chairman, vm very much appreciate this opportunity to discuss before 
this comoiittee the reading machine tor the blind that we have developed. My 
naiw is Raymond Kurzweil, President of Kurzweil Computer Products, Inc. and 
co-teatifyii.g with me is Barry Unger , Executive Vice President. The interest 
in our project over the last several years by the Committee on Science and Tech- 
^nology, and the Subconanittee on Select Education, and that of Sherman Roodzant, 
Science and Technology Staff Keciber, with whom we have worked closely, has meant 
much to us. 

I would like to start out by demonstrating the machine for you, after 
which I will describe briefly how it workt, and some issues of relevance to thfise 
hearings. Barry Uncjer will then describe some of the programs, including those 
sponsored by the federal government, to distribute the machine in the field, and 
to maximize its usefulness based on blind people's experience with it. 
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The Kurrweil Reading Machine converts ordinary printed materials, such 
as books, magazines, letters and reports into spoken English at approximately 
150 words per minute. The system reads most cocnmon styles and sires of type, 
handles nany forms of print degradation, and thus allows blind and visually 
handicapped persons to read ordinary printed material rapidly, with minimal 
training required, Ai\d without fatigue. 

The user operates the device by placing printed material face down on 
the glass plate which forms the top surface of the 5carining unit. He then presses 
the 'Page' button on the control p.mel to activate the reading process. A 
specially designed scanning system we developed scans the page and transmits the 
image in electronic fonn to an image enhancement system. This system, which we 
designed and implemented in hardware, increases the contrast found on the page 
and brings oat particular features that improve the recognition process. The 
enhanced image, now in digital form, is transmitted r.o a small computer contained 
within the reading machine which contains unique programs wc developed to separate 
the image into discrete character forms, recognize the letters on the page, group 
the letters into words, and compute tho pronunciation of each word. Pronuncia- 
tion is accomplished through the use of over a thousand linguistic rules plus 
two thousapd exceptions to the rules stored in the computer's memory. Additionally, 
a stress contour over each sentence is computed by a set of syntactical rules. 

Before I press the I^age buttin on the control panel and direct the machine 
to read the page I have just placed on the scannintj unit, I would like to point 
out that the synthetic speech output requires a small amount of familiarisation. 
Persons who have never heard it before vary in their ability to comprehend it. 
All of oiirN.jqx-rience tDdjt'!, includinq tho results of several independent Htudies, 
has indicated that after sovoral hours of exposure users are able to underijLand 
the synthetic speech as well as human speech. 
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(D«Bonstration the Kurzweil Reading Machine) 

An important featuxe of the reading machine is its user controls. For 
•veryone* sighted or blind, reading is properly an active rather ttian a passive 
process; one re-reads interesting or difficult passages, pauses at unfaailiar 
^rdsi skims the page to find material 6t particular interest, and so on. The 
Kurzweil Reading MacMne is operated by the user with a set of 33 Jceyboard- 
Boxinted buttons to allow the user to effortlessly make these choices. For 
example, the machine stores inits meaory the last 300 characters ■ that it has^ 
scanned, allowing the user to back up and hear words over again, have particu- 
lar words spelled out* and other functions. 

(Dea>onsf.ratlon of Usar controls) 

ThCf swst difficult part of the research and development that we have 
conducted over the past ton years has been in the area of the recognition of 
printed characters. Printed material differs tremendously in a wide range of 
specifications, including well over 150 type fonts, differant types cf printing 
processes, different paper, ink and orint qualities and a wide range of types 
of printing errors. Dealing u*Lh these vagaries, of print w.is the biggest 
challenge in the technical development of the roachinti. 

A key design featuxe of the reading machine is progranoiability. Most of 
the intelligence i.n the system, and by intelligence I mc/m any information 
handling process likely to require change in the future, is implemented in 
software, which is loaded into the reading machine's memory using a standard 
3 inch digital cassette tape. This enables us to improve the reading machine's 
performance without madifying physical components. For example, the reading 
machine did not read Italics when the first field model was installed at the 
Perkins School for the Blind in November,' 1976. -in January 1977 our italic 
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r«cognition project waa asziplecod, and thio capAbility waa implemented at the 
Pericins site aimply by providing them with a ney cassette tape containing the 
cooputer program to recognise It^lica. The Perkins staff inserted the tape^ 
loaded th« new code into the rsadinLj machine, and the machine was then able 
to read italics. Similarly, other iaproveiDer.ts have been and will continue to 
be provided to fi«ld ssites withcut chiuiging tiardware. 

Another Auvantage of the pro<}ri»aK"^tjl« feature of the machine is that we 
can take advantage of «ac'n new generation of digital computer components - new 
DOKsry devices for ex.wiple - in each nov model of the reading machine, without 
having to redcnicin the ^rt!art of the technology, which is in^)lementcd in software. 

We havw a itajor dEveloptcezit iffcrc under way aimed at reducing the size 
mn^c^t, anc3 ijrprnving the periorcunce of the reading machine by using advanced 
large scale integrAt^jd circuit tec^ma],ogy . For ejtample, we are designing a 
special cotaputei' nptJci^ed for the reading machine application. We are aldo 
working o;i » new speech syntheaiier which will provide a more natural speech 
quality. U-s have nearly coapletod thu design of a third mod-'l. which will be 
relativoly poi-toble, will provide gyecds faster than hrjiuin "Jpeech, and will be 
•ignif leant Ay lc«« earpenEive to produce. The goal of the project is to provide 
'a portJiblt high perfomance reading machine that individual blind persons can 
afford within the next two to four yeai'c. 

I to</Uld like to s^y a tnw words concfjrning the nature of the o »5cct, and 
of owr compiiny. We see our company as an organization devoted to fii/vcioping 
technology in the Area of computer science known a£ Artificial Intel] i-ijence, 
and applying these duvclopraentn to human needs with a 5oci»s on the disabled. 
Ue believe that signiClcant potential exists to develop based tei-hno- 

logy that can eliminate or significantly reduce the handicapn ass.'>ciated with 
physical and ser.aory disabilities. Perhaps the principle t>arrier to bj ind 
p«y«one in taking full advantage of educational and vocational opjxjrtunities. 
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has been the difficulty in accessing ordinary print. We hope the reading machine, 
can provide a ma^or contribution to eliminating this barrier. We intend to 
develop other products which we hope will contrlb(ite to expanding opportuj;ities 
for other handicapped populations. 

Barry Unger will now describe our prograrts to disseminate the reading 
machine and to refine it based on this field experience. 

Our first machine, which as J^ay noted was installed at the Perkins 
School last November, received much public notice. Since then eleven other 
machines have been placnd at field sites in seven U.S. cities. An .additional 
thirty-five machines are being constructed for placement over the next ten months. 
In line wiih the capability for "ontinuing on-line technical refinement that 
we have discussed -- the "prograiranabil i ty teature" — our principle objective 
ha« been and coritinues to bo to place reading machines in a wide variety of user 
»ettingii so that the machine can bo refined based on the experience of blind 
users. Rcadint}- is a compl«->t activity- i"'rint specifications differ significantly 
axaong printed docun,:nr.3 as we hi/e noted. The purpose of reading may also 
vary, ranging from skimming to intensive study. Data from a broad selection of . 
users is helping us to optimize the machine's capability to handle tho largest 
possible diversity of reading sltuationii. Such information is currently being 
collected under programs funded by: 

1. Tie Burt-au of Education for the Handicapped, U.S. Office of Education, 
H.E.W. 

2. The National Fcdei.i^.ion of rhc t^lind 

3. The Rehabilitation Services Adziinistration, li.E.W. 

4. The Veterans Administration 

5. The Library of Congress 

6. The Social and Rehabilitation Service 
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7. The KassAchusetcs Comission for the Blind 

8. The SloAn Foundation 

9. The Hearst Foundation 

10. The Anoco Foundation 

11. The Fleischmann Foundation 

12. The Pew Memorial Trust 

13. The Perkins School for the niin-i 

Mr, ChainiLan» we are aware of the interests of the two fjubcommittees 
represented here today in the education of the handicapped and in scienti'lic 
planning, analysis and cooperation. We also know of Congress' continuing interest 
in and oversight responsibilities for the programs or z\ie Executive Branch. We 
»#ould like, therefore, to discuss our testing program in two areas as they 
relate to the concerns of these two subcommittees. 

First there are our programs with the United States Government. In our 
opinion the laost appropriate role for the federal government is to help with the 
transition between initial dovelopnent and the fiPdl cn-.7oing and self-supporting 
system that will make the reading mach.une with related support services available 
to individual blind users. 

Our evaluation and demcr.utration programs witVi thv Bureau of Education 
for the Handicapped within the Office of Education, uhtci*! *^cgan in July. 1975. 
have truly played this decisive rolo. The BEH program has been testing the 
reading machine with both elementary and secondary school blind children, including 
children with secondary disabilities, with some very encouraging results. After 
an average of 10 to 15 hours of instruction, students have becow* independent- 
readers, comprehend the speech output as well as human spoechj and <tre using the 
reading machine on their own to read school tocts and homework assignn-rfints. to 
check their own typing, to read instruction manuals on the conjtrucjiion of 
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■Uch things &s portable radios &nd tausical instruitents, for personal reading 
and many other uses. 

Under this program, data is being collected at sites regarding th« 
machine's performance on different text specifications such as typt; style, print, 
format, paper and binding,- and regarding factors f<3Cilitating case of operation 
Such as u*er controls, physical configuration of the machine, and efficient 
BJAintenancc. During this coming year, an attempt will rtlso be made to measure 
educational impact of the machine - specifically on students, teachers, sites, 
curriculum, .md opportunities for "nainstreanmg" - or education in the least, 
restrictive environment - and individualization of education* 

V*«! want CO learn how the machine fits into existing educational programs. 
Wc also want to find out whJt. additional new skills haVe to be taught as a 
result of the opportunities the machine opens up. For examplt?, now that blind 
chlldri:n can r.ipidly read ordinary printed materials, new skills in using 
regular inkprint libraries and txicV :;tores may need to be taught to acconv>'Jano 
their expanding reading inttrescu. 

The Bureau, and its dirrctjr 2r . Edwin Martin, have been very s;ipi>orVive 
of our work, and have taken a lea^^crchip rolo m the prosthetics fic*d by 
recognizing with our project and with otherc the critical need to move c'evicos, 
which have deironu t rated their value in the education or rehabilitation o!' the 
handicapped, ait of the laboratory, and into the field. 

In this regard, I am pleased to announce that a new program recently 
funded by the Bureau of Education for the Handicapped will place 30 reading machine 
In A variety of educational settingr. over the next year in both residential state 
schools for the blind and in mainstreamod public scJiool aettingc. This ma^or 
program will enable significant improvements in the machine to be implemented, 
and will develop a full educational and support system ' 3f the optimal Use of 
the machine with blind children. 



447 



Two important programs are being funded by the PchAbilitation Services 
Adttiniatration (RSA) and the veterans Administration {VA) , The RSA progr--jn 
is focusing on improving the reading nachine specifically for the vocational 
needs of working age blind adults. Under this prograjn» niuchines arc boin., 
placed in a varioty of rehabilitation settings, with a focus on examinir"- jnd 
iJBjjroving the machine's use in work related applications. The VA program 
focusing on the reading needs cf blinded veterans. Knowing of Congress' specia.. 
concern for handicapped veterans* I have brought with mc to be submitted for 
the record an article that recently appeared in the Blinded Veterans As'^ocr.acion 
Bulletin describing the installation of a Kutzweil Reading Machine at the Hin^i 
V.A, Hospital in Chicago, for use in their Blind Center, 

In terms of your interest in scientific cooperation, I am pleased to be 
able to tall you that there has been a hi<^h degree of cooperation between 
BEH, RSA and tht* VA on the Kurzweil Reading Machine projects* both in terms of 
transfer fun<!ing and in n^kSrlnq of ev^.luation protocols aaong the agencies and 
with eval'-utors 'rom the National Federation of the Blind, 

An important program that we would like to mention is the consumer-based 
formative evaluation of the reading machine that wo and the National Federation 
of the Blind have organised in collaboration. 

Social scientists emphasize that lack of understanding of the perspectives 
of others can inhibit our efforts to solve problems. It is essential* therefore, 
in our opinion that potential/consumers of new products be involved in the 
development of these prodii^ts. We nave presented our ideas on cooperation 
between consumer and scientist in specific detail in a papez published by the 
American Association for the Advancement of Science in a book titled Science* 
Technology and the Handicapped ? in light of the subcotrraittee' s interest in science 
policy we are submitting a copy for the record. 
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Tha national Federation of the Blind has for the last three years advised 
the Covpany on the development of the machine. As part of the current study. 
th« Federation is placing six readintj machines in a variety of user situations - 
for exain)l« in the office of a blind executive, a lawyer, an engineer or 
scientist, or in a library for college students. On the basis o£ the suggestions 
that result, the Federation is providing guidance on vays in which the machine 
can t* Mde more responsive to the needs of blind readers, through such things 
as additional user controls and improved physical configuration. Testing under 
this program began one year ago, and consumer feedback has led to many valuable 
improvements to the machine. . For example, the Federation stressed the importance 
of reading xerox copies in a work situation. As a result of this suggestion, 
a contrast enhanci-iEont feature was implemented to handle photocopies. Other 
examples include the new italic capability and the improved handling of colunmate< 
page formats such as is found in magazines. 

The Federation's testing program incidentally has been designed and 
lmplcm«>;itcd by its own blind i;cientiEts. engineers and teachers. 

We are submitting for the record a short article from the Federation's 
acnthly magazine The DraiUe Monitor describing the progress of their testing 
program. As the article points out. use of the Kurzwtil Reading Machine is on 
an 18 lyaur per day basis. I am pleased to say that all of the field sites are 
»aJcing very extensive use of each reading machine and that over 100 users have 
beer, trained and are using the machine on a regular basis. 
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STATEMENT OP RAYMOND KURZWEIL, PRESIDENT, KTJRZWEIL 
COMPUTER PRODUCTS, INC. 

Mr. KuRZWEiL. OK, I'd like to use the brief time we have to just 
(loscribe very brioflv the machine that we've developed. I'll crive you 
a deraonstration of it, and Barry' Unger will mention some of the 
pro^rrnm.s we have to disseminate the machine in the field. 

We have 12 machines in the field ri^rht nov/ in very active use. 
Tliere are two machines here. 

The Kurzweil readin^j machine, for the blind is a device designed 

^^Mr. ScHEUKR. Is that where you watch this thing, from the other 
side? . 

Mr. KuRZWKiL. Either side is fine. 

Mr. SciiFUER. All right. . 

Mr. IvruzwETL. It's a device designed to convert pnnted material 
to spoken word speech to enable blind students and adults to read 
ordinarv printed material. This has been a major problem, and 
particulariv in mainstreaming visually handicapped children, because 
they can't read the same textbooks or printed materials as the sighted 
hearers. 

The devic( , ^ , 

Mr. ScEiEUER. How fast does it reproduce the spoken word.'' 

Mr. KuRZWEii.. I'll demonstrate it for you right now. 
The student places the printed inattM'ial face down on this glass 
plate [demonstrating]. A book could also be used, and is held in place 
by tills book holder. It's operated with a control panel. If I press 
the page kcv a small camera begins searching for the first line of 
text- You can see that going back and forth. Once it finds it, it begins 
reading it out. 

Now, it takes a little lime to get used to the speech. 

[Demonstration.] . 

Mr. KuuzwEiL. Let me slow dcwn the speech rat(». i ou might 
understand it ii little bit easier. 

The machine said it can see no next line. 

As vou can see, there are many user controls that enable 

Mr.'ScnKUEu. We've had a {iuantuin jump forward in congres- 
sional luMirings when the computer testifies. [Laughter.] 

Mr. Kt;H/AVEii.. You said I couldn't read my testimony. 

Mr. vScEiEt:EU. We may have a harder time stopping the computer. 
You have to pull "{Anir.. ■ .i i 

Mr. KuuzwEiL. It's not very good at answering cpicstions, tliougli. 

ft is able to back up . 

Mr. SciiEr-EH. Well, 1 suppose in the future the computer will 
be programr»(l to answer ([uestions. As a matter of fact, it is now. 
I've seen computers that answer ([uestions. 

Mr. KuuzwEii.. Some questions. 

Th(» machine is able to l'o bark and repeat words or spell words 
out. If vou don't understand a particular word, you can go back and 
go letter by letter and have it spePed out. 

Mr. WeLi.s. Mr. Kur/Aveil, the ibMP.onstrations last week and the 
other similar equipment I've seen of this sort alway.^ use a male 
voice, whereas the 
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Mr. ScHKUKu. Js thO' computer a male chauvinist piir? [Laujrhtcr.] 
Mr. KuKZWEiL. We're working on a female model. 
Mr. Wells. What I'm getting at is most reporting services, tele- 
phone inquiry services, have gone to the use of the female voiees 
because they're more understandable to the vast majority of the 
popnhition. 

Mr. KuHZWEiL. It turns out, if you look at the format structure of 
male and female voices that the lunlc voice is simpler and easier to 
repro(hice. We are working on i\ new synthesis system tluit will have 
a more complex voice luul the high pitch might sound more natural. 

Mr. Well.s. And more imderstamlable. 

Mr. KuHZWEiL. Right. 

After a few hours of use, the reading mn chine voice is as easy to 
nuderstnnd as human speech. 

Over a hundred people hiive been (rained to us(» the nuichint; and 
are able to comprelu»nd it with no problem nt nil. ; 

Mr. SciiEUEH. How fast could vou sj)eed that uj) to? The normal 
huMum voice is what, 125 words a minute? 

Mr. KuuzwKiL, I ran it at slow speed, since you haven't heard it 
before. 

Mr. ScHKUKU. But for a trained person 

Mr. Kuu/WKu.. ^'ou can go on this model to 150 words a minute. 
Mr. ScHEUEu. Normal human speech wouhl be about 125-to-l50 
words a minute. 

Mr. Kuu/.wEiL. Right now it goes up to nonual speed. W^e have a 
new model which will he available this sunuma* which will be signif- 
icantly smaller, rebitLvely portable, and will go up to about 250 vrords 
a minute. It's variable. A person would Ntart off with a slow speed, 
but could work, up to compressed speetdi speed 

Mr. ScHErKii. Could you do the kind of thing with this speech 
that they teach you to do with speedreading so you could hear speech 
(hat was at the rate let's say of 1,000 words a minute? 

Mr. Ki'iizwHiL. Well, this new model will go up to 250. Expcri- 
nu»nts with compressed speet h show that people can understand it up 
to 250, 'M)i) words a minute. Aft (*r that it beconu's a little bit difficult 
to understand. 

Mr. .ScHErEu. W(dl, of course, ;^00 words a minute is more than twice 
th<» rat(* of noi'mal human spe(n-h. 

Mr. Kru/.WKu.. That's a good Heading speed. 

Mr. ."^('HKrEU. Yes. U's not a bad r(»ading speed. 

Mr. KuuzwEiL. As 1 mentioned. W(» have a new luodel which will 
be finished in about ]iine mont hs t hat'll be (piite compact and portable; 
it'll be much faster; it'll have a more natural speech (luality, and it'll 
have a number of other iuiprovenuMits. 

Mr. ."^('HErKU. .\nd you could put a^iy n(*wspaj)er, magazine, 
l(»ehnieal journal 

yiv. KruzwEiL. Any reasonably well-printod nuit(M-ial. 

NIr. ."^cHErEU. Does it turn the pages, or do you have to do that? 
■ Mr. Krux.wKiL. Vou have to turn th(* pag(N yourself. Of course, 
we're condufting (piite active I'esearch to make the machine easier 
to use and ex|)and it-^ cai)abilities. aiul so on. aiul also to place nni- 
chines — Barry might want to mention a (vw words about the programs 
we have to disseminate it. Barry? 
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Mr. Un'GKH. I'll trv to l)ri(^f. 

Basicallv, we phiced our iirst nuicluno in the iield v/itli the Terkins 
School for the'Bliad hist November. Since then, 11 otlier machines 
have been placed in the (i Id in 7 U.S. cities. An additional 35 ma- 
chines are now being constructed for placement over th.e next 10 
months 

The purpose with these machines, as with the past machines, has 
been to <()rt of focus on continuiui: tcuduiic^a! reiinements on tl:e 
machine by K^^i^inu information on the needs of people indifferent 
situations.^ We have s*;ttiii<is— public school settin^^s, working blind 
adults in offices, professionni situations. 

We've received funding from many different Government and 
private agencies. 

Mr. Sr-HEiiEU. Would this be adaptable to kids who are i.ot blind, 
but who have .some sort of reading disability like dyslexia? 

Mr, IvuKzwEiL. There's some experimentatioii . ing on now in 
public schools with the Burea\i of Education for the Ilaudicappcd, 
nlaciiu^ tlie machine ur.d testing it out with other ex-eptionahties 
besides blind. 

Mr. Schei;er. Which? 

Mr, Ivru/AVKii.. Learning disabilities, dyslexia, and so forth. It 
is anothci i)OtcntiMl a[)plication, particularly as a remediation device, 
rather than a substitution for n»ading. For the visually handicapped, 
the device would be ac'tually used us a primary source of access to 
ordinary printed niaterial. 

Mr. KiM)Ki-:. Mr. (-hairmau, ou this — it's taken awhile to develop 
this 'o this point, but would you stiu consider this a iirst generation 
in the development? 

Mr. KriizwEii.. Well, this— the project's been going on for 10 
vears. This is a iinishcd produ<:tior unit, and we've got machines in 
the iield whi(di are being used, many of tliem on an round-the-clock 
basis, 

Mr. K'li.DKK. It's iinished production, but 

Mr. KriuwKii..Ther(» will he .jther improveT.ients, W'e'vc been 
working; about a year on a new model which will be— the main ad- 
vantaire will be that it's (}uite portable and inexpeiiMve. We expect 
the m7u-hine will be available for well under $1(),0()0 within a few 
vears. And we hope to make a ponable model witliin the economic 
*r(»arh of individual bund jxM'sous iivailabh* very (piickly. 

So that. impn)V(MJient, getting smaller and getting it less expensive, 
is thi^ major gonl of our research right now. 

Mr. Ivu.uKE. That's all 1 have. 

Mr. Ungkh. 1 jiist want to say that in light of the comments made 
(MirrKM- by Mr. Hirch iind also by Mr. IhTimm, right now we,'re start- 
imr a new j)n>grMm which was ju>t ^unded by ihe Bureau of Kdiication 
for the Handicapped, which will })lace :;() machines in a variety of 
educational settings over the next year, and this will be in bovli 
resi(U'nlial State schools, and also in mainstream public .schools. 

1 think this really nddresses the i^Mie of the (.Jovernment's role in 
iroum u\ rcMMirch - tiiLrc to the widesj)r(*ad dissemination stage. 
.Vs a result of this kind of pi'tMiratu, not only will there be significant 
improV(Mn<Mit< in the machine, luit th<M*(> will also be — will ch^velop a 
full educational and suj)port sy>tem, including the curriculum ina- 
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terial the learning material. ' As 'we introduce the machine to the 
studentSi .this is the sort of thing that will bridge the cap between— 
that Mr/Birch referred to — uetween^the development of the machme 
and the wdesnread dissemination. , v , i. 

Mr ScHEUER. OK. Agam, I'm going to have to use the hook here. 
: Mr, KuJZWEiL. We will be demonstratmg the machine after the 
hearing, if anyb< ;y wants to get a more detailed — ^ 

Mr ScHEUER. Very good, 

SWANSON." W(5 sent out a "Dear Colleague'' letter to people m 
the House, and they'll be by. 

Mr. KuRZWEiL, Thank you. 

Mr. Unger. Thiiuk you, Mr, Sche.uer. . / 

T>.o third witness is Dr. Jeffrey Nelson, vice president of i elesensqry 
Systems, Inc., of Palo Alto, Calif.; and Mr. Vito Proscia, also vice 

president. - ^ - r^\. - 

Dr, SwAN^ON. If I might add something, Mr. Chairman 

Mr. ScHEUER, Can you step forward? ' 

Dr SwANs^^^ All the devices will be cn display this afternoon after 
th'^ close of the hearing until approximately 4 p.m., so-^ — 
Mr ScHEUER. .'Vnd will there-be people here to explain them^ 
Dr. Swanson. 'Right.- The people who brought them will explom 
them, 

Mr. ScHBUER. Very good. • ■ ^ * „ at u r 

We sent out a "Dear Colleague" letter to all Members of Congress, 
anu we hope that some cf them will be stopping bv. 
[The prepared testimony of Mr. Nelson is as follows:] 
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Chairman Scheuer, Members of the Sub-Coirmlttee on Domestic and International 
Scientific Planning, Analysis, and Cooperation, and Members of the Sub- 
ConmiHtee on Select Education: 

■•'Ky name Is Geoffrey Nelson. With me today Is Mr. Vito Proscia; both of 
us are Vice-Presidents of 'Telesensory Systems, Incorporated, of Palo Alto, 
California. Before describing Telesenscry System's work in the field of the 
handicapped, let me first give you a brief background on the history and 
areas of interest of TSI. 

TSI was incorporated in 1970 in Palo Alto to manufacture and distribute 
the Optacon-i a. print reading aid for the blind. The Optacon, which 1s an 
acronym for OPtical to lActne converter, was developed in eight ye^s of 
research in ITTe integrated circTTIT laboratory of Stanford University, and at 
Stanford Research institute. Usfng the latest developments 1n integrated 
circuit technology, the Optacon was made small enough to be completely 
portable and Inexpensive enough to be Individually owned. Word of TSI s 
Optacon spread quickly, and as a result there are now almost fci-r thousand 
Optacons being used by blind people in over forty countries world-wide. - 
TSI is now recognized not only for its technological expertise, but also for 
its ability to identify, educate, and support a very specific handicapped 
end user with a complex high- technology product, 1n a climate of limited 
fundinq. Since TSl's modest beginning, the company has grown to a current 
level of employment of nearly 150 people with several product lines. Our 
present principal devices are sensory aids for the blind, but our general 
area of Interest is high-technology aidy for the handicapped. 

I should point cut at the outset that, while Important, high-technology 
devices such as the Optacon and other new developments do. not alleviate one ^ 
of the most serious consequences of blindness: social attitudes of the 
public about the blind. The educational process, we feel, should not be 
limited to helping the handicapped, but also 'should include education o. 
the public about the considerable abilities of the handicapped. 

It is also important to feccgnize that manufacturers and other profes- 
sionals should not be the only Inputs to the design of programs and devices 
- to assist the handicapped. TSI strongly supports the concept of consumer 
involvement in these programs, particularly at the very initial stages. In 
this way. with a cooperative effort between consumers, government, and man- 
.ufacturers, cost effective, meaningful devices and P'^Qrams will result TSI 
welcomes, even solicits, the Involvement of the organ zed bl ind in our early 
design stages and favors legislation which would institutionalize such 
consumer involvement. 

A recent development which we feel will have great Impact on the educati 
of the handicapped, is the "microprocessor", whic^ is a low-cost form of mini- 
computer. A microprocessor is essentially the entire central procei. ng unit 
of a computer on a single integrated circuit, or chip. It is a member of 
the family of large-scale integrated .circuits that reflect the present state, 
of evolution of a miniaturization process that began with the devalopment of 
the transistor nearly three decades ago. In conjunction with other electrom 
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components, microprocessors are currently revolutionizing such diverse areas 
as manufacturing process automation, jet aircraft, automobiles, machine tod 
control; video games, microwave oven^, refrigerators, telephones, burglar 
alarms, and high fidelity sound systems. These devices make possible far 
more sophisticated processes and controls than have ever been econgmically 
feasible before. 

Microprocessors are playing a similar important role in Telesensory 
Systems research and development processes In new product areas for the 
handicapped. TSI is perhaps the only company in this field with the necessary 
technical skills in both hardware and software to take advantage of the 
advent of microprocessors. Telesensory Systems already has one product on 
the market that is built around a microprocessor. This device is our Speech ■ 
Plus, a talking calculator for the blind. In a few-moments, i^y colleague, 
Mr. Proscia, will describe how this microprocessor-based product has already 
had a substantial impact on the education of the blind. In addition, in 
the near future,- we expect these miniature computers to revolutionize braille, 
and to greatly enhance the reading capabilities of the blind. Telesensory 
Systems is conducting active resf^-ch projects in all of these areas. Let 
me now pennit Mr. Proscia to describe two of these: the Speech Plus cal- 
culator that I mentioned earl ,er, and our work in the computerization of 
braille.- 

Chairman Seheuer, Members of the Sub-Committee on Domestic and International 
Scientific Planning, Analysis and Cooperation, and Members of the Sub-Comni ttee 
on Select Education: 

My- name is Vtto Proscia and I am a Vice President of Telesensory Systems, 
Incorporated (TSI) of Palo Alto, California.- For approximately a decade, I 
have been involved in sensory aids technology for the blind--the first four 
years of which I-spent as the Director of the Sensory Aids Evaluation and 
Development Center at Massachusetts Insti tute.of Technology and, succeeding 
years as Vice President of Sensory Aids Programs "^at TSI. In addition, I an 
a member of the Board of Trustees of National Braille Press of Boston and 
Sensory Aids Foundation of' Santa Clara County, California. My primary res- 
ponsibilities 'at TSI have been to establish dissemination programs for its 
products and to help identify and coordinate new product concepts relating to, 
the unmet needs of the blind. 

An example of a-microcomputer-based product which will soon fulfill a 
very important role in the educational process of blind children is the TSI 
Speech Plus'Talking Calculator' In the past, bliTid children have found it 
difficult coping with, handling^ on exercising numerical functions or 
numbers because of the limited methods and apparatus used in dealing with 
' mathematical problems. Working withVdecimals and nonlinear functions is 
particularly difficult for the blindXand is now more manageable because of 
the introduction of the Speech Plus Calculator. The American Printing House, 
a federally aided corporation which is the largest distributor of educational 
aids fo^ the blind, is presently distributing a modified Speech Plus calculator 
which has been designed especially for the needs of blind children. The 
American Printing House is finding a great demand for this calculator, and 



-2- 



455 



It Is expected that the calculator will hold great promise in classroom use. 

(Demonstration of Speech Plus). 

Even. though Braille is wary important to l)1ind people in that it is the 
major writing method and an irrportant reeding method, Braille has not 
benefited sufficiently from our space-age technology. Recently, TSI has init- 
'iated a new project which has the objective of extending the usefulness of 
Branie utilizing modern technological advances. Research and development 
are underway^on efficient, silent, electronic Braille displays K-hich can 
be integrated into various system? involving keyboards ,. tape cassettes, solid 
state memories and microcomputers. These "Paperless" Braille systems will 
reduce the bulk required by paper Brai11e» make publication, storage and 
retrieval less expensive, and simplify and increase the convenience of writing, 
edi ting, -and Incexing without reducing reading speed. 

The "product of particular interest tc the education of blind children is 
the Paperless Braille- Read/Write device. Braille can be produced by storing it 
on a cassette tape either, by direct keyboard action or through the use of a 
computer. Approximately one cubic^foot of Braille paper reading material can 
be stored on a-single cassette. The Read/Write system presently under develop- 
ment win be approximately the size of a Library of Congress Talking Book 
cassette machine.^ (Illustration of Read/Write system). 

The Read/Write device will, be portable, battery operated- and will include 
some of the following applications: 

1. Terminal for computer aided instruction for blind children 

2. Braille teaching machine 

3. Braille writer, note taker 

4. Literary Braille reading machine 

5. Audio playback and record 

6. Communicator for the'*^eaf-b1 ind including telephone connunicator 

7. dictionary look-up in Braille and voice 

8. A filing or record-keeping system 

9. Attachment for a seleetric style typewriter, calculator or computer 

The TOst important feature of Braille to a blind person is the ability 
to read and write. Presently, no device exists'which allows a blind person 
tc read and write silently and efficiently in the classroom. The addition of 
a microcomputer to this device expands its capability with respect to 
setirching, filing, indexing and retrieving information. The compactness and 
portability of the Read/Write device wi11 provide the user with convenience 
and expanded utility with respect to educational advantages and vocational 
opportuni ties . 
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Vito has just described two m1crocoirputer-based projects at TSI, both of ^ 
»wh1ch wm soon have considerable Impact on the education of the blind. Hext, 
I'd like to describe what Is our most Intensive engineering effort at Tele- 
sensory Systems, nainely, a spoken word output reading system for the blind. 
The objective of this research is to extend the usefulness of the Cptacon ty 
allowino more rapid reading rates. and reduced training requirements. As 
early as 1968, even before the formation of TSI, work performed by members 
of current research staff demonstrated the usefulness of speech reading systems. 
We are now developing a system which can be used in either of two ways: first, 
as an accessory to the present Optacon building upon the print scanning 
capabilities of thousands of present-day Optacon users, and secondly as a 
completely independent automatic reading system. Under partial funding from 
the National Science Foundation, we have performed fundamental research 
which shows promise towards what will ultimately be a portable and personally 
affordable production unit. I would like to play a taped sample of the 
speech- technology that will be incorporated into the production unit. 

(Playing of~ tape). 

As the computer explained, this san^ole speech Is what a blind user will 
hear from TSI's reading system. The Tex't-to-Spesch System which the computer 
used to synthesize this psrt'cular speech is based upon years of research at 
the Massachusetts Institute of; Technology. The electronic systt.ii which prod- 
uced the speech r/as larger than would be practicable in a portable reeding 
system. Moreover, this system does not currently operate in what is CtiUed ^ 
real time which will be essential in a practical reading machine. However, 
under partial funding from the Seeing Eye Incorporation, we are hard at work 
on transforming this laboratory system into special purpose, state of the art, 
electronic hardware. Incorporating extensive use of microprocessors. We 
expect the final system to be both srwll enough ind fast enough for a practiceil 
reading system. 

The implications of such a system on the educational process of the blind 
are enormous. Such a system will not only enhance the availability of ordinary 
classroom materials for blind students but also reduce the need for sighted 
reader support, facilitating the mainstreaming of blind children into the 
educational system. TSI's Optacon, in its present form, has already made 
significant contributions to this mainstreaming process through a program 
funded by the Bureau of Education of the Handicapped, in the Office of Ed- 
ucation. This three-year program, which involves the- ostablishirent of 
graduate teacher preparation programs at 22 universities and the dissemination 
of the Optacon to several hundred school children throughout the coijntry, 
is currently about half complete and has been very well rec»iived. -^-^ ••..pect 
the spoken output reading system to extend the reading abilities c . 
children even further. 

Two questions we are frequently asked are: how much this machi'.o wl- i 
cost, and when it will bo available. Both of these are difficult cst^ttlc^.!: 
for us to answer at this time. However, we are fully cornnitt ■ ^ 
goal of a price thstwill permit personal ownership of this :-. J.^'/'*"-' 
this means that the price must be under, and probably well una .-- i.!0,/C..^O. 
While this price is still very high to most of us, it is import^.^-.-t. tc r-:t.^i1.v. 
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that this machine will allow a blind personate be more nearly coiivpetU1v»r ^ 
with his sighted peers In terms of reading, and tlVU in turn Implies tlrJ. 
educational and vocational applications of such .a reading device are crKrfi.u^ , 
If you consider that such a system will mean a great Improvement in a .. . tn, 
.person'.s.-lifetiirie. earning. power, the original cost^of the machine bct.-w 
less of an obstacle. 

As to the question of when the machine will be available, we yxpr.ct that 
we win have a production verslqn approximately 24 months from tojay, \l2 
now have operational laboratory versions for testing and developre: ^ processes 
1n our resoarch facility in Palo Alto. 

Mr. Proscia and I have discussed TSI's use of computers to i'C Jie 
handicapped In three areas: the Speech Plus talking calculator 4.k--.\dy on 
the market, an extensive development project In the area of eleccrcMC bralUe 
production and reproduction, and our research on a spoken word oi^sp^.t reading 
system. But. what role, 1f any. should the Federal Government p m these 
devices? Telesensory Systems has several specific recormiendatlo in this aree. 

First, the Rehabilitation Services Administration 1s currenvly precluded 
by law from funding eny activltie*), including development of dc 'rts of t.;ese 
typ«»s to private industry. There 1s no such limitation 1n t-ie ^.--.;zational 
legislation sector. Yet the Office of Management and Budget^ has -ixently 
expressed the Government's general policy of reliance on the onvdte sector 
for needed goods and services. Telesensory Systems actively ?-4.por^s House 
B111S HR 7735 and 7735 and Senate Bill 1905. all of which r-movt this funding 
restriction from P.SA legislation. 

Sec ondly . 1t Is essential, particularly 1n the educ'itlon.-;! .;rid vocational 
asptrts of such devices, that the Federal Government pUr, ^ :irinc.'pe:l role 
In the dissemination process. Bficause of the limited m'U:z ror s,;ch high- 
technology products, the prices the handicapped consumer are uMrjrtunatfT.:- 
higher than any of us would like, and thus federal funding is important h^mj.,,. 
technoTogy is to become effectively used on a wide bauis. f.v.ct'.r.q •*^^er-^ 
legislation is in the right direct-on but £ more aggressivt .-•oroac- -jj ^otr 
the legislative and executive branches would greatly ini^.rovfc nr. .vr-. 
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Our third reconwendation is to suggest that the Federal Governmew: 
play an a'ctTve role 1n the developniont process. Historically > nx;st^i3-. .v.^-^^ '^i 
this sort hd'iv failed to reach the marketplace because the marKet s.ze «or 
devices for the handicapped does not in general support the extensiyo 
deveIop'\:ent monies required to bring such productfi to fruition. A,: -private 
Industi-y mu^t of necessity viev each project from the point of ^'.«w of its 
financial mer't. and most products for the handicapped fa-^. that trr.t. 
However. wT'.:i; federal support for the development process « M^e -cturing 
and dissemination of such devices at a reasonable pricr bccor-'.;, muc^ r.x^re 
realistic. We have developed a financial analysis : .^;.uld i ike .o Include 

in the record, which shows that the Federal -Govon-.r c-. rvcf.-yes more 1n tax 
dollar revenue from the employment of people usir: 'M':c o-vices. than 1^ Pay- 
to private Industry to support the development \pre:(r. ' in other words, it s 
an ^everybody wins" situation: private industry h.': financially viable 
product. . the governmer^t succeeds in educating and '■■rr>..bil1tat1ng handicapped 
peoplewith a positi.g cash return, and most importa-t* the handicapped 
individual lives a more productive and satisfyirg lire. 

Thank you very much. Mr. Proscia and I would be happy to entertain 
any questions at tMs time. 



Circular No. A-76 



'Attached letter of September 20. 1977, to UEE Spectrum 



458 



r 



TELESEWGOnY EYGTE5V1E3, ISMC. 



3<08Hillview Avenue 
Palo Alto / California 94304 

TelepJiono 415/493-2626 
Talox 348352 



Septeaiber 20, 1977 



Ronald K. Jurgcn. Editorial Director 
IEEE Spectrum 
445 Hoes Lane 
Piscataway,' HJ 08854 

Dear Ronald: 

Two recent Spectrum articles (September 1976, pp 45-49, and November 1976, 
pp 37-40) have discussed the 9reat need for application of science and technol- 
ogy in the service of the physicall-y handicapped. This need is being recognized 
as a Government concern, especially in carrying out Governmental roles in edu- 
cation, rehabilitation, and v^elfare. Indeed, in many cases, the application of 
science and technology in this area will >be cost-effective both in reducing 
costs- to the Government and in doing a better job. However, except in a few 
cases in which Government has participated in research and development, very 
little science, and technology has been utilized in the handicapped field. There 
Is a growing awareness that more needs to be done. 

These points are clearly illustrated in a recent report from the National 
Research Council entitled, "Science and Technolotjy in the Service of the 
Physically Handicapped". The following quotations are relevant: 

Pages 3-4; Findings and RecoiTjnendations 

"The Introduction of technological advances to aid the handicapped usually 
requires a continuing effort that initially nay be close to basic research 
and that progressively (in a gradual or stepwise fashion) moves to the 
stage of practical utilization. For products to aid the handicapped. In- 
dustrial participation is often not available in the middle stages of 
product development because of limited size and high risk of market failure. 

4 , '. Therefore, it is essential to support research and development effor t; 
at all stages or tnis Process, noi only at the tvfO end points . 
Mechanisms should be investinatcd wnicn v.'ould allow Government to 
participate |n tnG sunon r t or middle stages of product devclcc.r.ent to 
establ ish c1 in i ca'. and economic tcasiQi l it y uo to the point v/here 
.Industrial part* ipatron can be enticed '^ 
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Of necessity, a company must view its involvements in new product research 
and development in financial tenns. Because of the small market size, it is 
very difficult to find investments in the handicapped field v/hich offer 
attractive return.' Nevertheless, new products for handicapped, especially those 
providing job opportunities, can repay society in tenr.s of dollars and cents. 

A simple hypotheticaf example may illustrate the above points. When con- 
sidering a new product, a company will esti.matti tne RAD costs 'and project ex- 
pected sales 2nd revenue. Expected rate of return on investment will then be 
determined and compared to company standards. Figure la illustrates such an 
analysis for a low volume product requiring $200rOOO R&D investment and having 
expected sales of S2 million over a four-year period. When taxes are accounted 
for, a net cash outlay of $100,000 results in an equal total return. This is 
clearly an unattractive investment for the company (better to put the money in 
the banlcl) and will not be undertaken. 

If one does a similar cash flow analysis from the Governmant's point of 
view, the situation is quite different.*' The Government's investment, as shown 
In Figure lb, is $100,000 tax revenue loss. Besides receiving corporation incc.r^ 
tax in return (estimated at 50« of profit), the Government receives individual 
Income tax income. This income comes from payroll tax on the incremental labor 
to produce the product and payroll tax on the income from jobs opened up to the 
handicapped.' In the example, only 10 new jobs per year are assuned to be 
created by the 500 units sold. As a result, the Government receives an attrac- 
tive $310,000 in return for its S10D,00\^ investment. Moreover, if the equipment 
removes peoplt? from public assistance, the net return will be even larger. Un- 
fortunately, these benefits will not be realized, since the company will not 
Invest in the product because of a meager r'bturn. 

Figure 2a and 2b illustrate how the analysis changes if the Governm.ent 
elects to invest S1Q0,000 in the research phase of the product. The Government's 
return is roduced, but the company's is correspondingly increased. Both parties 
receive a doubling of their investment, and a' rate of return greater than 25-. 
Everybody wins, most importantly the handicapped consumer v/ho benefits from the 
product. 

Unfortunately. Title 11-. of the Rehabilitation Act of 1973 docs not permit 
Federal assistance to private, profit making agoncies^and organizations. This 
fact essentially prevents the Governm.ent/inciustry cooperation described above 
and locks private iatijstry out of participation in much of the research and 
development on devices to aid the handicapped in this country. Yet private in- 
dustry i^'USt_ become involved before these devices can be made available to handi- 
capped "individuals. Thrs situation also explains why many\levelopments never 
get out of the universities and non-profit institutions. " V 

Rep. OHn E. Teague, Chairman of the Committee on Sciencc^and Technology 
In ^-he U.S. House of Representatives, has introduced a bill (HP.7735 and HR 7736) 
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1n the House which would correct this situation. This bill simply authorizes 
Federal assistance to private, profit making agencies and organizations under 
Title 11 of the Rehabilitation Act of 1973. Support of this bill is needed. 
Can IEEE help? 

Sincerely. 

JCB/jms James C. Bliss, Ph.D. 

President 
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Figure 1 iiYP0Tnni5AL ca«;h Fj.o^5_LOi^AN_![:vrsr:E;i_T__: 1 
THE iiA];()iCA>p":^TrEa) - ;;o Govt: ^:,: :L:;T suin^ORT 

ASSUMPTION: $200,000 R & D Initiiil Investment 

2000 units "iold for $1 ,000 eiich over 4 yeiirs 
500 per year at lOX pre-tax profit 



a) Cash Flov/ for Company 



Year 


Expense 


Tax Saving 


0 


($100K) 


$ 50K 


1 


($1Q0K) 


$ 50K 


2 






3 






A 






5 








Total 




Cash 


Flow for 


GovernR:ent 



Net Cash Out Profit Tax Net Cash In 

($ 50K) 
($ 50K) 



($100K) 



$SOK 


($25K) 


$ 25K 


$SOK 


(S25K) 


$ 25K 


$50K 


($25K) 


S 25K 


$50K 


($25K) 


$ 25rC 






$100K 



Year Tax Revenue Corporation Cor.pany Payroll Payroll Tax Net Cas.". 

Loss Tax Income Tax Income^ Income from GovernT=n 

Oob'i Created^ 



0- ( $50K) 

1 ( $S0iO 

•2 $2bK $15K $15K $ S5K 

3 - ' ' $25K $15K $30K $ 70K 

4 $25K $15K $A5K • $ 85K 

5 $25K $15K $50K SlOOK 

Total (SIOOK) • ^310:< 



^Assumes labor cost per unit = S200 and Payroll Tax @ 15% (including FICA) 
^Assumes 10 jobs created per year at SlOK and 15?: Payroll Tax 
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t) Cash nov/.for Ccrpnn y 





Exp on so 


T.ix fn-^vinn 


f:f't r<v,h Oul 


Profit 


Tax 


Kct C2-.h 


0 


- 0 - 


- 0 - 


- 0 - 








1 


($100K) 












2 










(S26K) 


$ e5K 


3 








$50K 


($25K) 


$ 2bK 


4 








$50K 


(S25K) 


$ 25K 


5 


Tctm 




($50K) 


$50K 


(S;^5K) 


S ?f)K 
SIOOK 



YcDr R & p T.ix Rc-vcnuv? f.'ct C.ir.h Corp. Tax Co. PciyrcU Payroll ric-t C^sh 

Support Loss Out lncc;"0 T.d; Ir.'corr,e Tax Inc. to 

fron Joi)S Goverr.r-:r. 
Cre.ited 



0 (SIOOK) ($100K) 

1 (SDOK) ($ DOK) 



z 


$25K 


$UK 


$15K 


$ 55K 


3 


$25K 


$15K 


$30K 


$ 70< 


4 


$2Df; 


S15K 


%A5K 


$ BSK 


5 




S15K 


$60K 


$iod:< 




Total (SIDOK) 






$310K 



STATEMENT OF GEOFFREY NELSON AND VITO PROSCIA, VICE 
PRESipENTS, TELESENSORY SYSTEMS, INC. 

Mr. Nel.<on\ Fine. Thank you very much. * 
I.et iw- just brioflv acquaint you with Tohsensory Systems, ( rSi) 
becausii it is u unique company, and 1 think it ^vill serve as ^ooi\ back- 
ground material. Telesensory System^' \vas founded in the early 1970 s 
by a «'roup of researchers at St^anford University and S^I, who were 
involved in the development of the Optaeon, wh ch is a device for 
tactilely readinc; printed imiterial. In other words, it's a sensory aid 
for l>iind people. - . 

The device has been developed and has eontiniied to be (Icvclopccl, 
over the last several vears and has now been disseminated partially 
with Federal assistance to ncMriv 4,000 people all over the world. 

TS] has <rrown to about 150 pr'0|)le, and several products, all of 
wh ch are devoted to the han(!icapped field. Anti so far, all. of our prod- 
uct lines are in the ar(»a of blind people. 

V/hrn the Optacon, which is the readinir iiuiehine, v/as m develop- 
ment, computer teehnoloj^v was not sufliciently advanced to permit - 
any kind of personal ownership. That picture has chanp:ed very much 
in the inst few vears. . . 

Now there are microi)roresscrs, wluch are basically minicomputers, 
available at vcrv inexpensive priees. These devictN we are now m- 
corporatin.o; into' a number of prndiiels, all of which are aimed at the 
handicapi)ed fi(dd. , . , • ^ 

The first of these is the Speech-Plus (^ilcuhitor, which is currently 
on the market. I'd like to ask Mr. Proscia sav few words about 
Speech-Plus. Vito? , 

Mr. Piiosri.\. Chairman Scheu.er. 1 am a blind person wiio s at- 
temi>ted to make a professional career. It's very didicult in 5 or 6 
minutes to explain to the coiiuiiittec the problems that blind people 
are facini:. Partieidarlv in tlie e(hicational environment thinp:s are 
improvini:. but we hav(* a lon^r w:\y to ir<) l^efore we're abk^ really to 
solve ruMUV of the problems. 

I aiy trained as an en-nneer. I Lrraduated from (X'N 1 and C olumbia 
Universitv and BrookUn Poiv in the early 19r>0's. Early in my ])ro- 
fessi(Mial ( tueer I a])plied my talents to the defense ol our country in 
the aerospace industrv. 

I^ut about 10 vears airo I d(M-ided thai p(M'luil>5^ 1 could use these 
tal.-uts to look in*t(- dt vier^ for ihe blind, in particular. After bein<r at 
MIT for a mmdx^' of \ r\\v-: ou :he facultv and in the laboratory at the 
Srnsory Aids Kvalua t'if^P; -nd l^-velopmeni Center. I f(*h that it was 
verv a'ppri.Drratt^ tli-J th.- eouuiiercial v;orld should be involved in, 
not' only tlie deve^'>i,MrUi . b;:i. dissemination of. devi(^es for the 
handieapj)i'd. 

I liiiuk the b(^st \vm\- iliu-trate thi- is to show you what we have. 
One of th(^ prob!iMns, >erioii>ly laeinir blind peoj)le is the use of 
arithmetic. i i i ^ 

Wiuit Te]eseri-or\ Sv-iems ha> d<»ne i> to develop a ealciilator that 
talks: call it a Speeeli^IMus Calndator. This ealeulator here has a 
sjieeial iutere>t because it's i)een nwdilied from our standard caleubv> 
tor to be used in the classroom bv biind childien. 

And. just to dhistrate this, when 1 jadl the switch the calciihi^ 
(lears itself. [L)enu)nstrat)on.] 
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that TSI would stron^i.^ 'i)uk('. by the way, is that the Federal G^v- 
ommcnt adopt a more u^^'ros.mv:. role, not only in the dissemination 
process, but also in the dev -lopmcnt process. 

As you can appreciate, any business enteri^-iso has to view pro- 
posed new products in 'financial terms, as well ds.m humanitarian 
terms. And the difficulty with that is that most products for the 
handicapped fail that test. 

We've developed an analysis which is included as paft'of our testi- 
mony for the record, which shows that if the Ff^deral Government 
sponsors the development, oven witii private industry sharing the 
other half, the Federal Government receives more hack in tax reve- 
nues, both from corporate income tax on profits for the protluct, as 
well a^x income taxes on the people who are employed as a result. The 
Government' receives more hack in tax revenue than it spends in 
development. 

If the Federal Government offers fundinji; for development, that 
makes it much more possible for ])rivate industry lo view things more 
favorably in a financial sense. 

Mr. SciiKi^Kit. It seems to me that you could make an awfully good 
case that something like this could radically improve a bhnd* person's 
capacity to earn and function as an independent person 

Mr. Is'klson. Well, that case we do try to make. 

Mr. ScHKTKit. Or loan it lo the blmd person for $1 a year, something 

of that kind. - i u u-i 

Mr. Nklson. There is already lt»gislation within vocational rehabil- 
itation which does fttcilitate this. 

The difficulty is that the legislation is interpreted by the btate 
departments oi* educational rehabilitation throughout the country, 
and in greatJv varying degi-ees. Some Slates are very progressiveNn 
this area, and other States are very restrictive. So it comes down largely 
to a questioK of the State policy. 

Mr. SonKUKit. Let me announce that we've been joined by two of 
my colleagues, Jim Jcfl'ords of Vermont and George Miller of Cali- 
fornia; aivl Dide Kildce, of course, who is going to takeover the chair 
in nboiit an !u>ur. So we hi^vc four very much interested and involved^ 
Congressmen. , . 

Whv don't von let us start asking you questicns now? May we.'' 
Mr* Nklson*. Sure. We 'have another device W(;'<1 like lo show you, 

as well. , 1-1 

Wc fnive with us.lodav Mrs. Carol Gillesj)ie, who is a local resident, 
and who is an Opt aeon user. We will ask her to demonstrate the 

0|)tMCon. . , 11 1 

This is the Optaoon h. re [demonslrating]. As you see, its small and 
comi)ar't. portable. And, after she's demonstrated it , T'fl li^e to tell 
you just quirdvly what our j)lans for the futun; are with reganis to the 
Optacon. 

Mr. ScuKUKu. Ts this voung lady blind? . 

Mr. Xklson. Ves, shl' is. Slug's reading some uui.erial which she 
brouo-ht with her. 

Ms. GiLLKseiK. Tsuallv 1 would be reading, l)Utting the material 
on tlie table. 

[Demonstration.] 

Ms. GiLLKsiuE. Tlu' Oj)tacon is taking a picture, This ;s the camera 
part of the Optacon, and when I turn it on it takes a picMirc. It takes 
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a pictun; of tho prinU-rl l(»tt(u-. And, throuorh the converter, which is 
this wire, it converts the f)i(;tur(^ into tactile ni}Ueriiil--it's not brnillo, 
but a raised printed letter so I'm gettin^^ tlu: sliapi; of it. 

Mr. ScHEUKR. The regular print'»d letter? 

Ms. Gillespie. Ricrht. A circle woidd be "O." 

'Mr. Nelson. We do havt^ a visual (lisph,y hv whicdi wv. could show 
you what she's feeling. 

.\Ir. ScHEUKU. How nuiny words a ntinute can you read? 
Ms. Gillespie. I think probably 50 or 60. 

Mr. Nki.sox. I l^ve liere a visual display, which is sin<[)ly a device 
which dis])lays what she is feeling under her finger. 

Ms. Gillespie. Now noriuall\% when I use the Optacon I don't use 
the visual display. 

Mr. Nelsov. I'll hold this up here so vou can sec it. Tlu^ disphiy is 
simply a device for (h'nionstr;itiou. 

What you see is what she is feeling under her inde.v finger. 

Mr. GnxESPiE. I'll display the cai)ital letters so I (^an demon- 
strate that if these letters were very large, it is very difficult to read 
for" a blind person, because niy lingers cannot feel the entire letter. 
On the (lan^era is a zoom lens witli which you can either make the 
lettei'S larger or snudltM*. 

Now, if i were to ^o to the small letters — there^s a capital "I" 
and the small ''i". 

Mr. ScHEUER. ('an you read at that pac(r? 

Mr. Nelson. She's reading it now. 

Mr. ScHEL'ER. i can't begin tf) read that fast. 1 gu(;ss you 
practica 

Ms. Gillespie. There's the ''if." There's the ''v," the "o," and 
the '*u"; 'S--i-s-i-t;' and capittd '*A"-'Mn"— "American cities," 

One of the reasons why I like this inaeliiue is that braille is very 
difhf'.ult to use. Tlui Optacon adjusts so that you caxw adjust the 
intensity of tlu» rods and the vibrations of the rods in the pins and so 
r(^ad mor(^ efhf'iently. Tlu^ Oj)tieon has oprMied uun\v doors to ine, 
becaiis(* 1 never read j)rint. I've been blind since birth. 

1 went to college using just braille, and cassettes. The Oj)taeon 
has given me not only inde[)eudence but n sense of privacy. 1 no 
longer liJive to have someoiu* reading my ])hf)ne bills and saying, 
''Gee, you made two calls to (,'alifoi'nia. and you made — who do you 
know, in Houston, I'ex'.^" 

I work with students, and 1 think the Optaeon will increase the 
spelling ability f)f students, 

Mr. Sciie(;er. \Vere you here when thei'c was a demonstration of 
the KuiVAveil readei , mid t'.e eorn|)uter spoke the printed word? 

Ms. Gillespie, ^'es, 

Mr. ScHErBK. Now, there, apparently the s|)(M'ch rate got up to 
250 words a minute, as eom|>ared to your (U). How would you com- 
parts tlu^ attractiveness of those two mO(hdities to you? 

Ms. Gillespie. Tve never act n ally seen the Ivurzweil reading 
machine, but I would |)i'f)bably like to use n combination. ' 

Mr. Sr HETER, Now elaborate on that. 

Ms. (iiLLE-^iUE. 1 wnet- to a school for the blind, and then went to 
[)iiblic s(diool. Jind then went to coliegr* in .New ibwen, (^)nn. if one 
wer(^ to go through the i']nghsh litoratiire — and we were assigned 
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IS l)<)(»k.-. n scKic-hM- ilicM 1 would wiint sonuM liiii<r that A'oiild ho 
al)l(' to lead (|ui<"klv. . i i i i 

However, theiv aro times when tliinic> <-om(' t() my «.<'sK and i 
just can't lui: a lit^aw marluiH» ai'onnd with mo. So I just tjikc tho 
()l)t:ifon. It do('siiM luMMyssjii'ily havo to run on oh,M'iri(:ity ; !(• also rinis 
!)V huttcrv. 1 don't hav'c to ''lill on soiiioono to rhcr.k out if the l)a<r(» 
i-." ii|)>i(h' ihjwn or not. h(M'Mns(' 1 ciui tell (|uit(* {»asily. 

Mr, NKi.sr)N. Ml', dmiiinun. imiv 1 interject h"rc? W c do r(W'()«:nr/c 
the vahic of ^j)cc(di onlpnl and. in fact, wc Inivc an (;xteii>ivc (h;vch)i)- 
mcnt pi'oject niKh'iwav 'J*S1 in onr hd)oratory in ( ahfornni, the 
j>urj)osc of which is Iwofohl: to (h'V(d(j|) an accessory whndi will ^i)cak 
when plnir.ircd into tin? i)ack of tlie nnirhinc. jn>t us this visual (lisj)lay 
i-, and to dcvtdoi) a romi)lct(dy -rnii-alontr system. 

Mi\ ScnKi'FK. What? 

Mr. Nki.son. In other word>, the necessor\ ver>ion wdl n-e hand 
^ra'ckhlL^ ;is the vonnir lady- jii>t demons rated. The autonuitic 
vcrsioTi wdi he a conii)letcly Imnds-oir system. 

1 liav( ,1 \<M-v hrief reein'iiini: of the sp-eeh whi(di has hcen devclojx'd 
for that, wnieli 1 will plav for yon. 1 nn^irht add that thi^ is artdicndly 
L^-nerai' M -peeeh. ^o yoii nuiy lind it a lit lie didicult lo nnderstand : 

DkM'iNSI i'.A l ION 

Clriinii-iM SctH iKT rni ini i.-t of the Siil x-nauiiit t mi Dmnrst ic^and luU'v- 
n-.tim'nl Sriratiiir IM;.niiiiiii, Am.-.Ivms ;.n<l ( 'nei^'-ral inn, :i(i<l nieialHTs of tac 
oannittrr nn r^^-\"r\ i iu' ;, t i, in, tin-. ivcM.linu: n'prrr=rnt^ :tu ('XMmi)le u\ 
irnnir;,llv . V 1. 1 IP ■ M 0 I M ' h fn>in tin- rnn.i>'it.T l:,lM>r;,n.,v at rdcscnpory 
-^vMeni^ hie 'ilic -r^ ntiMs :M 'I'SI ..xprri t.-ilkiii^: mnipnO'i- L. he all nni)ortant 
<'<lucMtiMn:il t(ini in tin- t i-ui <rf iic;i p) h-. 1 rlnl-ln'ii in tlie ne;ir nitinv. 

li \< r-.r-ntiiil tli:ii Mm- C.-ni-r.--. rrc..uni/r tlir l-;.-v r.'!.. that ( '.(.veniinont must 
Pl;,v in inalviiiii su- li IccIiiimI, .l:v ;,^ Ir m liiM^.. iKin-iiraj^pe-l ni(iivnhi:ils who 
ran' prntil fr.ini it. Tliaiik yoij f..:- VMU-^iii'l .-it t rni i« -n. 

.Ml'. Seiii cKK. No\v. 1-ihat convertej {i(',\r. llie printed j)a;:e into 

>j)ce(di? , ' 1 1,^ 1 

Mr. Nki.>on. ddi!-- 1' eonv" .'d text* into >p'M'( li. - 1 1 s done 

ecinjjletelv with >\ 1 1 1 1 ic M /ei- , eo.mpletely el.v iroiiieally. 

Our pro'jeet ohj""etive^ a tnaei.m ' \;\\\r\\ \v\\\ . ' a\'adahle ni about 

'J4 nn)nth^. wh:' h will l.e pMiM ;i Me. \uiw wli ' e. ' d cost under ID, 000^ 

Thi- w a ver< inten-iv i^-enifji cUoit eurren;.. roiirj; on. ' ^ 

We diwi'i till- a- n ),l:i.-nL' tl" ' Mrr''^ ()pta'-on. as Ms. CJdlespie 

n.M- niditv ' d. TliM.- are 'che;" foi .'otl ' lul -o it's a devp-e 

U n ( lilniiirr 1; pe . aU, - . . ' hnc'. ' ^phu'"S M. 

\ ' o "• ' I.e. K''[i;;i i ka I ne. 
•In.. 

Mr. di:i r(Ui[-.-. I'm >oi'i'\ . Did y<ei Lrive the pcice nf the Opiacon? 
Mi\ .\ki.-<>\. Wukliaiiiiicj;. if-"ahout s:;jmh). 'IMas-e'- a snbstantnil. 
iminm^-- rr, , u 1 1 .nnnV M dil'a-pie ivnd^at or I'.D woids a nunute. 
Thaf^.'^al^oxe average. And, full lu'riiiore. it take> a con-ideralee 
period of tiiue, pinhfi..!\ <m lie nr.h'r (►f a year. rea(di that sp( (^(t. 
Mr. S( iiKi That wriuld b" an advantaL^e the -p -ecdi wppruach, 
Mr. .\ki.-o\. h reduce, the iiatnin^j;. aia! it'.- fa-t-r. thatjs ri<j:lit . 

( 111, I, i:. I'll-. TrainiML-: d - ir.|iiiit^ about approxinuilidy 50 honrs. 

\\v. .-cnKii.K. U ii (bllieidt- In k.M.p iliai (camera on an (^xact straiicht 
ilne a- \-ou acio^. th^' jKi-*'? Tn iiie that woidd b<' vei'y didlcnlt. 
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Ms. GiLLiCHiTK. Wo start with a tracking aid. After a person learns 
\vhat it is like to track usin^ the aid then he takes it off, then he prac- 
ticje.s without it. It does take some time. It ran be learned in 50 hours. 

Mr. Jeffords. Ho%v does that break down that cost of $3,000 \\-ith 
part of the equipment cost with training cost? , ^ . . 

Mr. Nel.so.\. Well, list price for the Optacon is $2',S95, and the train- 
ing depends on the .source. But it's usually around a few hundred 
dollars. 

Mr. Jefford.s. The machine cost is by far the larger pr.rt then. 
' Mr. Nelson'. That's correct. 

Mr. Jeffords. Now if thi re were a larger demand for t'.e Oiytacon, 
would that .significantly cut down the cost or not? 

Mr. Nelso.v. \yell, the problem is, again, the one I alluded to earlier, 
the number of people who have skills -to take advantage of technology 
of this sort are very limited, even though there may be a legally blind 
figure of over 1 million ])eople in this country. The number of people 
who can actually take advantage of the Optacon arc on the order of. 
^tens of thousands. 

' ' Th(\ [)oint I'm making is thatjhere.is not an enormous vast-market. 
And so 1 think, as a result, we never get to the kind of vokime produc- 
tion that the electronics industry has. We buiUKhings by the huii Jveds, 
whereas they are building by the tens of thou.sands. And as a result, 
we never gel Wiv. (H^onomies of scale that arc jm.ssiblt; in the field. And 
us u result of that, tlu^ costs tend lufi to come downl 

The Optacon has come-down in cost. The very first Optajons were 
Duilt under a contract with the Ollic' of Education, and they ran I 
thiiik about $15,000 aj)ic(c. When it was introduced on the general 
market, it was about $0,000. Ft now is down to apf)roximately $3,000. 

We don't thhik that we're going to decrease the co^t any more. 
This is about as far down a-^we can go. 

Mr'. ScuEUEu. We've bee.i told in earLer sessions of these i tarings 
that the f:ost of-(:()n|)Uters is goin;jj to zoom down on a treniendous 
onler of magnitude. Professor Papert, (''da't you tell us last week 
that the roriputer that foU $1 million 10 years ago or $35,000 5 
years ago is $500 now and will cost $75 5 years from now, something 
of that order? 

Dr. P.vPEiiT. That s about correct, in s; irit. 

Mr. ScfFELEu. in s[)irit. 

Mr. Jkkkokds. That's what I whs wondering, whether there were 
pnrts of this, or sorufJung that would come down, or whether there 
aren't such 'terns that will r.'me do^ n. 

Mr. Nelso.v. Well, to some extent that's true. "There are some 
gener il-])urpose va rnponcnt parts. And iiv those (;ases we participate 
in the cost reduction that's marie vail able to everyone. 

.Mr. Scnr.rKU. Dr. Papert, were the cost redu(*tions that you spoke 
ilbout a fjjt'tor purely of ter'hnology in computer wiring and new 
technolofo', shooting aniourit: of rays, nnd what-not, or was it -a 
faraor oi miis.s j roduccion? Here there are limitations on mass pro- 
duction, F understand, because of the intrinsically limited market. 
But would they enjoy the potential of the snme reduction in cost of 
ncnv tecdmology? 

Papert. I believe they will, i3ut you will see that, if you lift 
the problem of nuiking devices for the [)lind out of the S[)eclfic contexli 
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of the blind, und .see it as a systems problem in a wider, context— I 
believe that in 5 years, in some small number of years of time, every- 
body will want to have talfting machines. So ^that the cost of making 
that type of device which nrodnces speech will benefit probjlbly the 
mass demand of the talking: machine by people who aren't blind, for 
other purposes. 

And so I do think that in that perspective it's very difficult to see 
that. 

Mr. Proscia. Mr. Chairman, i -would like to point out 5 years ago 
I started the marketing organization of Telesensory S^^cems and set 
up a system by which we were able to expose the availability of the 
Optacon and our other products. The major cost the company is 
facing is not the manufacturing cost, but it is the cost required to 
disseminate and to expose the iixitiipment to the population in which 
wrVe interested. That's a very large cost for any private organization. 

It's because it's difficult to locate the marketplace with respect to 
'the actual user. The^'^re so widespread and few that the costs incurred 
ill the marketing activities are really ([uite high. Ar.-i 'hi:- is, I think, 
one of the ways the Government, in terms of suppoi* • :he dissem- 
inawon, can be helpful in decreasing these cos^.s. 

Mr. SciiEUER. It would .seem Jiat blind people cons^iti*-" such a 
small, discf^te group with such a clear commonality of i»-r- hat it 
should be very easy to reach them b}' phone and by mail. 

Mr. Nelson. Government records of blind persons are noi t.vr.;'r,ble 
to private enterpri.so. Rehabilitation Services Administration ^ : >- 
eluded from supplying any names, if Vm not mistaken. 

Ms. GiLLESi'ii:. They have the confidentiality. 

Mr. ScnEx;Kit. Well now, how manv blinrl people would b( [.'-.ose 
lists, 1 million, 500,000, 100,000? ] 

Mr. Nelson.VoOOjOOO probably, or le.^s. 

Mr. wSciiEUEH. Wouldn't it be possible for HEW to r^ircularize that 
list once to ask Lhof.e peo[)le individually if they Would like to v/aive 
their privilege to bona fide organizations that are producing usable 
techno lofv for blind pco[)le? Ft seems to tiio if I were a blind person 
I would want that in order to hear from tiie people who have technol- 
ogy to help me. 

Mr. Nelson. That's a good poi'-'t. But yon have to bear in mind 
that there's the additional limitation, evr.i beyond the irlentification 
funf'.tion, of the funding [)rol)lem. And curr'-nlly, j»s I alluded to 
earlier, at least within Ileh.^ihilitation Servi- os Administration, there 
is a definite vocational need that has ic hr do: onst rated. And that 
vocational need hs basically one that is rletev.nip.od to be valid or not 
valid by the States, because they are tiie onos who nri minister the 
F\»dc'ral moneys involvc^d. The S*M.tc»s tak^^ greatly differing views as 
to the ap[)ro[)riaLeness of tech*-- • -^w As [ monfioaed, some ot.ites are 
ver\* progressive — the chairn .''s own State is extremely restrictive in 
this way. There are very fev, , if any, (levi';o:-; funded by some States. 
So it's not only a questioi: of .'Ivritifying '^e blind, but it\s also a 
(pu'sti(^n of working within ili ^ ^overnnumtjii buroaucrai-y to facilitate 
the; dissemination [)r()ress. 

Mr. Scheuek. Let me say, incidentally, thai - Congn' ^^ir. u: Teague 
of Texas, the rdiairmaii of tliis full fonunittee, inr^ludiiig Coiigi rssmaii 
Brademas and I anrl a nund)er of other Congressmen, have sponsore ! 
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sr. aH^:>nclMlent tliut would lift that prohibition of Government 
UDiiistaacc 

Mr. Nelson. 77-^35? , , , i i r 

Mr ScHEUER. 77-35, cxactlv. And we ho.ur that beronies law before 
yory long, under Congressman Toaguc's leat'.ership amronder Cougreys- 
rnan Brademas' leadership. 

Is there anybody from HEW here? ^es:* Oh, of course. What 
would be the! problem in eunvussinj^ ihe 5()(),0()() people or so 
who would be on IIEW's computer tanes and ask then) if they would 
like to waive their confidentinlit v and luive their names and addresses 
and phone numbers made available to private . eetor arms that are 
produein^ this kind of technoloiry? . , , i • ^ u * 

Mr Herman. I don't know, but we certamly can check mto that. 

Mr ScuKijini. Incidentallv, we've beer joined l)V Con^^ressnian 
Bob Walker of P(mnsylvania, one of the V(My hard workm^ and ddipent 
members of our subconmiittee. • > 

Do any of you have any further (piestions? 

.\Ir. Mii.i.KK. I have just on(» (iiH»st:op 

Mr Wai.kku! No (piestions, Mr. Ciiairuuin. 

\lr MiLLKK. Voii mentioned the potential market nms into 
the tens of thousands. Obviouslv people who are :rvare of it and (^an 
ulFonl to purchase the iiu»c]iani.-iu are fewer. 

What's tl)e potential within e(luca:ic:>al mstitutions, umvcrsity 
libraries or pid)lic. . libraries? • i * u 

Mr Nki.s(j\. We don't feci an ai)I)ropn:ite W.cv to provide tcch- 
noiocrv (;f iinv sort is to have it c^utrallv located. You c:ni »^pprcciatc 
tliis Tf vou considered beim^ in a position of liavir.cr to to sdrtie place 
to be nhh^ to read. :rhat would be a very awkward s tuation. ^t-^wc 
v(M-v much support the concept of^portability ami personal owner.ship. 
In general, otir cxpfM-ience wiUr public in>tiuUK)rs such, as libraries 
(M- Central loc.Mtions on \iniversities, and so on, ha. been verv poor 

.Mr Mn.i.Kit. In other words, it wnuU seem to u.c» that— J ; :ean 1 
tiiink that clearlv, if vou create lul^rtabihty, and the convenience ol 
tSuit it's verv, verv at'l ni.-ti ve^-Biit it woulvl s<hmu to nu- that there s 
>ome obliiration.-just as r.)c provide me a reudinci; table the ur- 
versitv libVarv or a <i\iiet rrfjom, or whatever, ;vhfa I want ' ■ use th 
facilities, thcTcV some obliiratiou to also nuike that library accessible 
to siuditlcss individuals ori^ite. r • m i i 

Now, i appreciale the fonvcnieuce nspcct of it. Iwerybody can 
have their own machiu.', and thai would l)e very well for your nu rket 
But Tm askiu"- would vou view -or do vou talk to peoi>le about wlat 
is their oblii^ation, in' fact, in- the cnse of tl ,- universitv or ^'-hoo. 
librarv to make that facilitv readily available onsiteMor H:C-le 

Mr". Punsci- I tbitd< tliereV an overall iin|)ortant eoiu-v'pl that we 
have to be aware of, and which Is a u'oal of the M Vleseiisory .Systefvi, 
I think what'.- im|jortaut i- that what we woidd like to do is^ no- 
introduce a piece* of (Mpupmeut which would obsolete s<*;-/C other ^-tiu 
of coinimmicatioii for the handicappeii. Wliat^ we woi-hl hke M) ?o is 
develop a fanul\ f)f products that would allow ♦he iiKhv hi.il an 
allcM-nalivc. a x'^lection. -omethiuL^ tluit would meC ;mi immediate 
utilitv of .>ome sort. Imh- exmnple, I'd like to have avadablo to lue as a 
blind' person, not ojilv an ()[)tac()U, but tlie spoken wc:-d output with 
ivLOird to the Optarou, becau-r» there are instances that I 'im n ciurc I 
to read loiur i)as^ai:es. 
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Mr. .\riLLKU. Nobody's ur«j;uinK with that. But ^j^ou're also ridm<r 
nubUc transit or you're icoin^ <:r(iat (Hstances, you niay not want tp 
liave the obh<^ation to take the niorhanisrns back and forth with you. 
You niijy vvJint them in your home, but if you also decide that you're 
yiointr to spend Saturday in trl^e library, why should the library 
be closed to you because yoiV're .sVuht-inipaired? 

Mr. ^Proscia. I airree. And that's an alternative that I would like 
to pei-sonally se6 happon. In other words, there shoid(l be centralized 
systems, anil there should be personalized systems. * 

Mr. ScHEUEH. Is most of the blind population' in this country 
located in metropolitan areas? 

Mr, Nelhon. Yes. ^ 

Mr. ScHEUEU. So they would have convenient access to a public 
library? 

Mr. PuosciA. Yes. 

Transportation always is a problem. In other words, independent, 
travel is another problem that technoloiry is tryin<r to address itself to. 

Mr. MiLLEU. What I'm sayinjr is in tlie district I represent \ye have 
a verv bir<:(; project known as the Center foi 'Independent Livin<^ in 
Berkeley, to have for blind students to have their own apartments, to 
become' independent, to be able to .iro to j)art-time jobs, and be able 
to t^o to the junior colleire whi(di is 15 or 20 blocks away. 

It seems to me that tlu\v ou^^ht to have the opportunity to also 
leave their apartment, not have to luir this cfpiipmenl at nisrlit — apd 
I don't know. This one's very convenient, obviously, in terms of size 
and so forth—but to ^^o over to the junior (joUeire and to study at 
ni.^ht, and have a facility on a pul)li(dy funded campus for their 
convenience and their use. 

Mr. PitosciA. I af^ree with you, but you don't lirnit it to that. 
Mr. MriJ.Eu. No, no. I'm not sufr^^cstin*^ you limit it to that at all. 
I think that the idea of a personal system is fantastic, and the inter- 
change of systems is fantastic. 

Hut I'm sayin<r sonu» people won't- ever be able to <:o for that, and 
just to i^ivc tlicni the same sort of accessibility that si^^hted individuals 
have. . . 1 , 

Mr. Nelson. Well, we do i>ursue all of those tbmi^s that you vc 
meiitif)m'd. 

Ml', Mii..!.KK. My point is <lo they parsu*' you? Do tin* public librar- 
.ics come to you oi' the university lij)i*nrics make that ])art of their 
bud^iel? 

Mr. Nelson. No. 

Mr. PuoscTA. No. 

Mi*. MiM.KU. That's mv concern. 

Mr. Nki.son, That's part of the diflicul'ty I alluded to earlier. The 
niaiketini^^ costs arc \-(M-y hij^h, because il. becomes a (piestion of con~ 
vincinf.: individuals, a larf:;e number of individual institutions, and a 
lar^'e nund;er of rehabilitation counselors. 'Then* are literally thou- 
-sunds of' people in the system throu«rhout the country, all of which 
haV^* be approuched nu a one-on-on** basis becaus- there arc no 
lo|)-down kinds of proj^rams. It Inis lo-be a mattci- of convincinf? 
individuals to speml money ftu- whi( h th(\v always have alternative 
uses on (hivices of this sort. And it hecomi's a very tim(*-consuming, 
expensive process to do that. 
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Mr, Jefkouds. With rcspcrt U) tlio 504 ro<2;ulation, discrimination 
apiinst the handicapped, has then^ boon any jncentive there for 
libraries, et cetera, to be recpiired to purchase tliis oqiiiprnent? 

Mr. Nelsox. I think that will come. It hasn't really happened as 
yet. It hasn't had thatjmpact at this early time. But 1 th^nk that is 
certainly likely to oceur. 

Mr. fiEPi-'OKDS. <z:entlemaii from IIl^W, you were i^iidinri: your 
)wad there. Do you know what the intentions are wii^i respect to 
that aspect? 

Mr. 11eum.\n. Xo; I don't. 1 (ion't. But I would assinne that every 
library would not have to purchase one. 

Mr. Jefkouds. I don't know why they wouldn't. That's what I'm 
curious about. 

Ml'. If.KRMAN. Well, Mr. J(^nV)rds, iu;t every school has to make 
every part of that school accessible under 504 re<^nlations. The pro- 
gram has to be aci^essible. i wouhi e\[>e(;t that a community library 
would have to be accessible to the blind as well, and if the Optacon 
w*ns — but, if this was thouf^ht to be a le<ritimate device to make .that 
librnrv ' cessible for the bbnd over any other kind of device, then 
the uinity library, where a handicapped i)erson can easily get to 

mif;ht have one of the>,e devices available — but not every library in 
th(* rily ini^hl. need to fnwo. to have available an Optacon. 

Mr. »h:KKuitns. Well, if you retjuire them to i)ut a rami) for some- 
one^ who ,ean't ^et thert^ f)eeause of a mobility i)roblcm, what's the 
'diil'erenee belwecMi that and the fjiet tlu\v don't have somethinjj; which 
is available to allow them to read? I don't se(^ as far as discriminating 
against the handieapjjed, it can Ix* distinguished between the two. 

Mr. Hp: KM AN. Theni's a r(?ason ability thing. I believe the 504 
regulations don't i)res(Til)e that (*very j)la("e must be made accessible. 
But the iM>innnuiily s(M'viee must be nnuhi accessible. 

Mr. Mil. I. Kit. Xo. But if the rity of Xew York has no library with 
tlu»s(^ kinds of facilities in it, I suggest tli(*y'r(> in violation, just as if 
the eily of New York had no library without ramps. , 

Mr. Hkumas. Well, I would suggest even further that in the cit\" 
of Xew York, say in the borough of tlu* Bronx, if there was no library 
or if there weren't several |>la(:(\s, I'ending stations, for opportunities 
for tlu* blind to part icij)ate, they wouhl be in viohition because — but, 
of coui'se, I'm not privileged to make that kind of statement. I'm 
biased on behalf of exjjanding and improving services to all these 
children. 

But 1 would assume that wouid be the thing, ac(?essibility within 
reason. 

Mr. Sen Any further eon uu en Is oi- (piestions fro^n my col- 

leagues? Dan? 

Sir, ( I LIT KM AX. .\n. \ 
Mr. SCHEI'EK. Bob? 
Mr. Wakkkk. No. 

.Mr. S('HKrKi{. ()K. Your lestinujiiy has SetMi absolutely ins|)ira- 
(i(»nal. The (lure ol yoji h;i\''* Wonderful and si imulal ing aiul :>rovt)c.a- 
live ideas, ami I can'l thai. a \ oii enough for ('oming. 

Mr. Xki.sox. Thank you. 

Ml*. Proscia. Thank you, Mr. C'fiairnuiii. 

Mr. ScuEi'KH. Xext is Mr. CJrcgg Vjmderheiden, director of Trace 
R. i.^' D. Center fov the Severely Communicativelv IIandicai)pcd. 
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Mr. Vandkkiieidkn. We're presently in the process of trying to 
correct several errors with regaril to that title, including the fact that 
the title refers to ^'handicapped" as though it were a population or a 
natipnality that exists as such. Actually, it should be somethmg on 
the order of ''individuals with a handicap/* or somethmg similar. 

Mr. ScHEUER. Yes. OK. 

Do you have some technology to show us? 

Mr. Vandehh-eiden. Yes; we do. 

Mr. ScHBUER. Whv doa't vou get right, into It? 

[The prepared statement of Gregg Vanderheiden is as follows:] 
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Wh*'n cons ! r I rrj ih" uS" Citrifji^r 'jtl. wiih or hy hdnrl i cappt^d 
individ:.; : : It. IS hoipful to tio».'r tU<r. t.h'-'rr.- are sover.il d i f f*?r«-*nt 
ways iha'_ jcnputers may be used. Sone cof:ip'»'-»:r uf^.jii ajjp 1 i c.ib I 
to h a r.d i." a pped individua 1 rs par.ilLel those <j vu i Lot to non-hand icapoed 
individuals. In oti, ; .:star.C'-i; the ccr.puter may be ns^id to accomodate: " 
or partially cf jtrip-.-n j t tor a : . rd i ca;:;; i ncj condition which an ir. dividual 
m'ly •.•vf;ori-,';v:-'. Kach ot nhos..* .s^-s ar^' qui to diftcront and plac-.- 
d I f fet '-inr. cor.atr-j inc;i on th'.> dc 1 otj;n*n-. t o* com[j.itr;r sy f. :oms . U:;-? of 
computers wmh hand ic.K;p».'d i :. 1 i v i d ua 1 u r:ouLd. bo b:ok»in down into thcot^ 
ba-'iic typr^:: ot ud<.'. (Fkj. I). The tirsr, involvcii ui:*,* of th(j computer 
with the individual »:■ xpt* r i enc i riy a handicap in th»i Scimo way and for 
the Jiamo purpoychi ar, it would b*? aned by a non-h.tnd icapped individual. 
For e>:ar:;pi-j, the computer may bii used tor account inq, inventory control, 
coniput'ir aided instruction crtc. It the person has a physical handicap 
which prevents him from us ma the standard computer interfaces (key- 
board. Iicjht pen. visual display) then a speci-^l interface rrii.*y be 
needtrii to allow hiiTi /her to interact witih or control the computer. 
With this typt.' ot compufr use (hereafter ref.-rred to as Type 1), th-e 
computer is used to accomplish th»j s.i:ii*.- typt.- )f things for a handicapped 
ind: v: -.lua I ,i3 ffjr a nor; -h.snd i c.jpprd u.-i.-r {.il'nouah thi.-rr? may be some 
rcdirication of sp-.-Cific proyr.im.:. as m CAI.) Type X computer use 
J-nvolves opervmg up to hand icapp<,'d persons the same pntential benefits 
of t.^.'..' computer for education, recreation, and en-ployment as are open 
to nf>:-.~h.ir. lic.ipp.fd [j.taor.s. Thus Type i use may b-j ch.j rac; a r i zed as 
"ih;.- Cf.Kifjijt .T in Traditional Mann»'rs by Individuals Exjie r i enc i ncj 
a H.iiui I r-iij" , 

'Vhn second ty p'* ot uiie of the compute r would b-j to help accomodate 
.in I nd I V 1 '1 Uii 1 f. ^if;eci^: h.indi.cap and ren.jinmvj abiliti»js. In order 
fur an irul i v ; J ..i 1 la r^icjiwo an ed uca t i on s/he mu:;. t bo able to in te 
ac*- m th..' r i ■. r' j< .iti , d.. i ridf.-p.'-ndi.-n t work, do homr".,-or)^ , take tests, 
nif.v<.' about, otc. It ri/h.- m;'. 'f^.n' torir, the above, then s/he will 

exp«-r 1 'Mice a haniicMp in fr*- 1 v i ii'/ .in >ip[jr< <pr i attr education, s»*curinq 
a job rjr con 1 .jc r Mi'-j ao 1 1 v 1 1 1 of d.iily l:v:nrj. It s/^ie w^-re totally 
u;uibl»' o i-'!Ci')Tr my of ttu' abov*.* then "h.injic.ip" would b»j an 
I ns-i : f 1 rj«'n t dv'sr r i p t r^r an \h<* individual would b»_' unable to derive 
an appropr lat*.? ar^d r*ran i riij : 'i i 'jiiucrit ;f;n , . Typo II ur.e of the computer 
tnen involves ij;;'.- o: co[rput<.*rs as inter f;:cos bftwf'*>n s'?Vf?rely physically 
h<jn<:i : c.ipp'-d ind;vi duals <ind th*- t'i'.'oplu and obp.cts ( typewriters, 
p.i:j»-r. tjo^jks. wii.".- 1 dM : rr: . '.^ t.(.; . j in thoir en v i ronmr'n t whic:h are 
n«^r:<-'!;:; try in rh" ./'d i;.; 1 1 i o,-, .i I prncfjiiy, . It is impn.-t.int to h*iiit in 
miri/,i ^Mu'i;?'.. f-h.i:. j- >;■ pu r are nr^t ne'.-d'vl p.iit of an int.erfac-.; 
jt"' 1 ! 1 phy:;; :.i!!y b rj :id 1 1; a pr>. i i r.d i v i du a ! . Simple mechanical or 
S 1 1 i (• .idapf.-'i t 1 ons :riy i I > ; f f : o ■ in snrr'j c,MS<jr.. But for 

<:«• v.- 1 ; y phy s ! f.M 1 1 y hand i :-app*'d i ri d i v i d ' m I r. computtirs, usu.illy in the 
; ':m r;ii ;r r j:. : o;-t'.''.5;'-vr / art.-* o;*. 'j:i net-'J-jd ;n ord'.,'r t(j acc-or:o{latc the 

pbyii'-il -tol of t:b>;..)j inrlividuals and to do so in an 

«'ffic'.-:it <!:• I fir:' f ; •v-*: iv«,. rr.inn'_'r. Since the use of computers in this 
m.ir-.ner id ••iS./nVi illy *'j ilT'^ :"od.j f. e the ti i sab ; 1 i t i es and enhance the 
U'~.e : '.1 1 neS3 arvl e f feet ; v-'.-.-sn if t.h»- handicapped individual. Type II use 
of tr.i- .-.:or:'pu *■ >: r may b-- rhar-j : ■ ■ - r i /'-d ris "t; o! Conifjuters t.o Interface 
and Knhanrf t::e Us>\/*"' )ri • r o 1 o: n*n"r 




47G 



TMHKK TYI'KS OF C0MPUTI:R USE 3Y 
INDIVIDUALS KXr-EHIElJCING HANDICAPS 



Norrr.al 
Ind i vidi:<^ 1 



Hand i capp' 
Individual 



Regular Interface 
(Keyboard) 



Special Interface 



TYPE I; REGULAR SES OF COMPUTER: 



COMPUTER 

-Data processing 
-Writ: ny /editing 
-Education 



Enabling individuals with a handicap 
to use/acc ess computers for the same 
purposes e.ii everyone else. 



n.in'.lica[)pcd 
I ficJ 1 V L 'iua 1 





M i c ro - 


con^iDU te r 


Baaed 


Interface 



Printer (Comni/writing)] 
I Voice Synth (Comin/speech)| 



I Mobi li ty Aids | 
'\lds to Educ. & EmpJ. . I 



Computers 



^ YP^J r I ; usk t o inxh' u f ac v. / 1 : \ a b i,k 



lJ;;ing computer to enable individual 
with sovere physical handicaps to 
'3Cceos nnd une/control other devices 
and raterials,, (incl. other computers) 



n.ind I (■■ ipp< 
i I vj dua 1 



J* n tt' r face 



CompL * r 


por- 


formi 


spoc- 


ial iur.r: 


t lon-i 


to f .IC i 1 


itatc- 


con t ro 1 


by 


use r . 





Printer 



I Voice Synth | 
I Mobil i ty Aids [ 
\ids to Educ. (, Empl. 



j Computers 



, ['-'' ^ '. ' ■ ^ ' -/Ac."': r: ;,K KAT lyo VV S KT ; Ur> i ng computer to help 

rcfaut:ij fwiffdicap exper ienced by the 
ind i vifii^a 1 by providing special func- 
tions to r nimize the number of sig- 
nal n-'od. J Irom user or to otherwise 
.'.fa?t,<'i up his control or use of other 
fi< • V i c;e Ti and ma t " r i .i 1 f> 
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The third WT/ '.-'jff.j'Wt r-; <:-ir, L>-' r.:.f^-\ with h.iri'i : r ,Kip(vi i nd i vi du.: 1 5 
is by J 1 1 ow 1 n f j t ho i n^i r v : J u-il to i n t; r •-• <i :i t ii e f £ o c t i •••c r.» • r> f; u : hi n / 
her lihilis by providinq int-.' rredi a\e prcc-.-r,;: i n.^ boLwiu.-n t.:;-ir cor. LroL 
conun.-jnds ar^d the- cutp-:r. to the oiD]C'Ct b^jir.-; controlled. }-f;r '"rxair:,- i . 

K child unablf; to contrnl a wh»iOlchair suf f ict::ic iy tio drive it. r.aJtiny 
c-yrocriom^ ror deviaLi'.r.s in direction Huii to floor r.larit etc, niyht 
b*j r.i'ie 5»,'lf r.obi le i: h'.- coulc! fiirr.ply tell the chair to ry.ovc 
forward and hav^.- j srr.all li^f. uy> i ':o processor z-.^kv corrections for 
changes in directior. . Or, a c^hild "rymq to do four level addition 
stop by stop on j TV f.creon {he cjnriot wr i tu ) /-ou 1 ci huve a 46 step 
• proce-ss (wh..;;. provid*.-^ the child wi ti'. n-or-- phyniCtil exercise th<in 
^jnath sKill eXi.:ereisej chincjcd to a '3 s-tt^-p :.rocess which approximateiJ 
the proceduretJ thjt non-hund i c-ippud children wher» 1 tj J r n i r.>.j to ddd. 

The rr^ir roproces sor wou id no t a^i i the nu::iL" r 5 for him L jt rre r'. - y 
r<icilit.»te hi^y rriovin-^ about on the writinq area (TV scrt.-en) to 
faci 1 It. ite and accelerjtio his ability to do math, written work, tests 
and to use srund^ird or ^re-printed test sheets etc. Thi:: third type 
of corp;:f«;r use then dealu with th-- fac i 1 1 t.it i on or spredinq up 
of an I nd i VI iluu 1 r. ability to do tfiinqs or coritrol other devices. Since 
this accf;lt-;rat ion -in be ar> rnueh c:s 5-6 tir^<j:3 it wf.^ild be por.riible to 
allow an ir.d i viduti : r,o do his lior.ewo r'r- in two nourii ins'vdd of ten, or 
of doing all of his hcT.eworK instead of- one fifth of it. In clur.r. 
It r^ay mean the difference between par t ic i pj t i nq in cluns activities. 
This third type may be chara ter i j:ed as " Faf; i 1 i ta 1 1 on/AcC'- 1 e r a t ion of 
Cont r')l or i'roductive Ability". 

^Wi th thes«.' last example? it is appar^int'-that with the advent of 
.iniaf jr*', mexpens 1 ve coniputers {you can now purchase entire micro- 
co.npu^ers the size your finqernail for approx i m.i te 1 y 526.00) the 
inipjct of r".,t'piir(ir:- und computer technoloqies on handicapped persons 
aiid their ..•d'j'-J M or. is no lonqi'r limited to the u::e of la rye systems 
or cor'puter a.'ir. i t »-<i uir* t r v;c 1 1 on . While these uses still have special 
cap'Jbi 1 i t les tc off'.-r h.'rui i cipp'-d p*:rsons ( par t i tu 1 ar I y th- physically 
hcind leappU'-l periion wfioso i r»puf./OM'.pn L i 'Jp*.'*.- i limiteci) the use of 
~ sn^all or m l c recommit ers in sp*-'Ci.\T aids .rlvl^; t ^;r p. /t<iiu. lal of providing 
the teacher with ^oln s/he cm use to tillfiw us.,' of trore cone*.'ntional 
educaticnjl technique?: .md m.iteri.ils <is we M . Hy {'rovidinq 
individual who hjs a- severe or mult/pltr hundici. with the abi lity to 
iij;e standard .Tiaterials find procyliios the te-ic^.' .'s tJiVc in preparmy 
riat-? rials is xurrh reduced, the p'j;: i b 1 1 1 1 y of pr-"p».''r plac^'.-ment or 
rrti 1 r.stro JHi nq is greatly increa:-,'vl .iTvi liu: prob.ibility that the 
indiVL.iu.il Will be -.ibl" to use t:ie skills accjuired when s/he Itraves the 
edue it 1 on.i 1 riysti-id is \lso ttreatly i ne rt;<iseil , Thr- ability ot the 
indiv;du.VI to do litr./h'T war'-: :n a rr:.i '-.fKi.ib 1 e -irvjun'. of 1 1 ir.e is 
eqn.illy import. mt .md p-q:*..;, '•'•>":\:i r^n r»-d-.;,rion U neede.l teacher 

or .»!;■; tiii>- ari'l i n-.-'r-.i^ie in e f r - 'V. i v.-ness of tl'.-* child in his 
eduC'it i'jm.VI envi r-^rim^'iit . 

Aids t o Hducui t i en v s. Kj-i ■ t^t:_una, A^d:: 

At this pom-. It I' h'j 1 1'ful "to di : ' i r;(;u i nh' be . ween Kducational 
Aids (systems etc.) .i:ui Ai.ls to ::d ,'.\it ion . " Km uca i onti 1 Aidts" hete 
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refers to materials, devices, tcachinq machines, etc. which are 
designed for the purpose of facilitating the teaching/learning process. 
••Aids to Education" refers to devices which were not designed for 
educatio.nal purposes but which are necessarv in order to re^-eive an 
^Appropriate of effective education. Eyeglasses would be one common 
^^Xample of an aid which is not an educational device but which is 
often necessary for education. A wheelchair isa second example. If 
these devices already exist then the educational comrrtunity need not 
concern itself directly with them except to see to it that the children 
get the aids they need in order to function in the classroom. If 
'these aids did not exist then it becomes necessary tor the educational 
coipjnunity to consider these as "aids to education" and to assist in 
theijr de>.jlopment. T.his is necessary if the educators are to have 
any chance of providing these individuals with an appropriate or 
rfieaningful education. 

Cost Effectiveness of Personal Aids to Education 

It is a happy coincidence that in addition to the "equal 
education" motivation for providing these individuals with necessary 
techniques or aids, it also turns out to be economically expedient 
to provide them with the ability to function and interact with regular 
materials, procedures etc. An individual who can manipulate and use 
standard educational procedures, materials and fiicilities needs much 
" less individual one to one teacher instruction times, less or no 
^^ssistance from special teacher aides, less program preparation time, 
^^ess or no special materials development time, can participate 

effectively in larger classes, may be able to attend regular classes 
in regular schools, can do more independent learning, can progress 
further in the educational system (including full earned coller^ 
degrees) and has .a better chance of being productive after his education. 
This adds up to Iwer costs while in the educational systems, more 
advancement, and better economic outlook afterward. It is an unusual 
instance that you can gain in all three ways. But if we've decided 
to provide meaningful education and employment for 'these individ- 
uals that's the way it works out. The cost to provide even a poor 
to mediocre education is so high (52500 - $29,000/year or 540,000 - 
5464,000 for their 16 year educational span) that any significant 
fractional decrease in educational costs can be economically very 
significant. Appropriate aids can be cost effective simply because 
proper and appropriate aids are much less expensive than the human 
services which they reduce. .... 

Discussions of economics should really be secondary however. 
Since the individuals we're referring to cannot receive and approp- 
riate or meaningful education without the ability to read, write, 
^mpve, or even talk^the economic aspects should be secondary i f we 
^^e really serious about providing a useful and appropriate education 
for these individuals. To paraphrase a colleague. Dr. John Eulenberg^ 
oh the topic of communication aids, " The cost is simply too great 
not to provide them with effective means to commun ica te and parti- 
cipate. The cost is too great both for the individual and for society 
....to be excluded... and to not bo able to communicate is to be 
excluded. " 
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' Examples of Current and Future Efforts in Thes e Areas 

It can be seen that there is a potential for the use of computers 
in education not only for system use such as computer aided instruction 
or teaching machines but also ( in their mini or micro form) as 
akart of personal aids which can help an individual with a handicap 
^o adapt himself fo standard educational programs. In the latter 
application the computer looses its computational character and 
becomes a doer, and aide, an assistant or a controlled extension of 
the individual. , 
The government, the Bureau for Education of the Handicapped 
'and researchers in the fw-ld have recognized this need, and several 
examples of development efforts in this area can be found in the 
research supported by BEH and other government groups. Some examples 
of existing work mixed in with potential future developments are 
as fol lows , , c TT 

For the visually impaired we see a good example of a Type ii 
(Interfacing/Accelerating) application of the computer in the work of 
Kurzweil and the work at Telesensory Systems Incorporated. Here 
computers are being utilized to translate printed English into spoken 
English for the blind who would not normally be able to use atandard 
- printed materials. A similar application for the deaf might provide 
iust the opposite- a speech to text translation, although tnis is 
beyond present capabilities. An aid for the deaf which is currently 
possible is a shorthand transcription system currently being devel- 
oped by Hewel et al. in England. Based on a device similar to the 
•tenotype, a deaf merr.ber of parliament is able to follow the 
Conversation on the floor of Parliament by readinq a pTionetic like 
trasncription appearing on a personal display. With r-fincment apd 
a microcomputer base, easily readable direct text translation may 

soon be possible. , i_ ■ 1 1 

For individuals who are non-vocal and severely physically 
handicapped { NVSPH), computers are currently makinq in-roads both in 
the area of interfacing ( Typell ) and facilitating ( Type III ). 
Facilitating applications are much more prevalent here due to t.hc 
speed limitations of the individual who is NVSPH. limitations "hich 
are not as prevalent or severe for individuals wit.i vision or hearing 
impairments.^ the major problems in aids for individuals with severe 
Physical handicaps is the tremendous variability of handicaps and 
abilities. In the past this has resulted in a need for a great many 
different ( and therefore more expensive) aids to meet their needs. 
By using microprocessor technology, communication aids are oeing 
developed which can be adapted to meet the needs and capaoilities 
of widely varying users. The aids can adapt to the user rather than 
requiring the user to adapt as best he can to the operation of the 

tid. (see AutoCom and VersiCom) Because the microcomputer allows 
oth the physical interface and the operational mode of the aid to De 
easily and inexpensively tailored to the limitations and capabilities 
of the user, a much faster and more effective communication channel 
can be provided. This is important when one considers that the last 
paragraph can take as long as 1-2 hours for an individual who is only 
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able to use a Kcanninq techni{jue. 

Use of the iricrocomputer also allows the aid to be easily 
modified to work with a range of output modes including page turners, 
typewriters, correctable TV displays, or voice synthesizers as they 
^^re needed for interaction of proof of activity in th^i educational 
m>rocess. Because the speed of coinnunicat ion and control can be 
very slow due to the physical impairment, several researchers are 
working oo"computer based procedures for accelerating communication 
and helping to offset the slowness caused by the physical handicap. 
( Type Ill^^ajpplications) . Examples of such would be the work at 
, Tufts New En^and Medical Center ( Richard Foulds et al) and the 
Rehabilitation Institute of Chicago ( Dudley Childress et al) where 
anticipatory scanning techniques have hnon used to help increase the 
speed of scanning techniques: the text/speech and a uto- in tona t ion 
work being conducted with IJVSPH children at Michigan State University 
(John Eulenberg, Mort Rahimi et al) and the word/phrase and math/ 
writing facilitation and syllable base rejsearch being conducted 
at Tufts and at the Trace Center, University of Wiscoasin ( Gregg 
Vanderheiden , Deberah Harris et al). 



Summary 

With advancing technology and dropping costs^ the application 
of computers is moving beyond jusr large system applications, bring- 
ing its potential benefits to boar on the adaptation problems of 

Individuals with handicaps. In theSe applications the computer 
ooses its computer programming character and takes on a facilitating/ 
assisting role or a role of an extension of the individual- a pros- 
thetic of a sort. 

Personal aids are now becoming possible which can not only 
greatly increase* the functioning of severely and multiply handicapped 
individuals, but reduce the costs to provide appropriate and 
effective education . Kspccially in the area of the severely phy- 
sically handicapped, microcomputer based aids are needed and are 
already becoming available commercially. 

Progress has been made but progress has been slow. Those not 
familiar with computers find it hard to relate to the use of micro- 
comp'Jters as Etr^all assistive devices and consider the use of 
"computers" for such basic purposes overkill ( when in fact they 
cost less than non-processor implementations of the same functions) . 
Those familiar with computers are usually oriented toward the 
large systems and applications appropriate to them. As a result 
millions of dollars have been spent arounri these nreas while little 
has been done to exploit the potential of microcomputers toward 
facilitating the function and education of individuals with severe 
hand icaps . 

^ Another vory severe problem has been one of jurisdiction. In 

^he area of communication aids for the NVSPH individual there has 
been mush discussion and nwon a government planning session sponsored 
by BEH and attended by MIH, NSF, RSA, and the VA to determine who 
should be funding the development of such aids. The area seems to 
fall between the areas of focus in the various groups and researchers 
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■ nave had much difficulty in securing f-nds to work on developments 
in this area. More awareiv-^s s and .better x:oordination is thcroeore 
seen as necessary in the area of facilitative devices. This is 
especially true as ^hey relate to young individuals and to education 
where technical aids have only had a very limited applic.ition until 

•ust recently. 
Overall the field is an open and protnisinq one. It is one 
which is characterized however by lo'i technical advancement and 90% 
advancement in our understanding of the proper and effective use of 
tech.iology. The two greatest problems of the field at this time seem 
•to be; 1.) the hesi/.ancy to believe that technology can be helpful 
'and 2.\ once technology or technical aids are seen as helpful- they 
are often assumed to be solutions in and of themselves. This latter 
problem has led to instances of disillusionment. Perhaps the best 
way to *;iew technical aids for severely handicapped individuals is to 
compare them to a tool box. It would be impossible to build a 
house without r.hem, but giving a man a tool box will not ma)ce him a 
carper^ter. Technica) aids are essential parts ot the solution ( for 
some individuals! but are only the start. How thry should be designed 
or what exactly their function should be to facilitate the develop- 
ment of the rest of the solution for an individual is what we are 
;just now beginnin.7 to find out. Much work needs to be done but the 
^potential for these individuals is'gvre.it. 
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STATEMENT OF mZOG VANDERHEIDEN, DIRECTOR, TRACE R. & D. 
CENTER FOE . .. ^RELY COMMUNICATIVELY HANDICAPPED 

Mr. Vand First, TM like to show you 60-sccoiul film 

clips as an ? - io one of tho individuals wo're working with 

so you liav.^ vhat population tho torhnolo<ry to be demon- 

stratod wa- 

iFilm.] ' 

Mr. Vandkkhki is is Craip:. As you can sec he's a young 

man severely invol rh cerebral palsy. Craip: in this ])icture is 

14 years old. Due to vere physical involvement he used to spend 
lari^e portions of his (la> ittin^r on both of his liands to help stabilize 
himself. YoiiTl notice ho nas side braces on his chair and he also uses 
a la]) belt at times In hold him into his chair. 

Nfr. ScHEUBK. WcA • these infirmities with which Craip: was born? 

Mr. Vanderhkide Yes. 

.Mr. ScHEUEK. T>r were birth defects? 

Mr. Vam)Krhki:;t^. Riprht. Cerebral palsy is a conp:enital motor 
problem. 

Here you see Cviu^ trying to operate other' t\7)es of things that he 
might use in a classroom situation. From the film you can see he 
obviously is unable to use a typewriter. You can also see the problem 
we have now in tiding to educate somebody like Craig who is unable 
to manipidate or handle conventional educational materials. 

Mr. ScHETJEii. Is Craig of normal intelligence? 

Mr. VAMDERHEinEx. Craig has had his IQ estimated over 130. 

Mr. ScHEUER. Does he have speech? 

Mr. Vanderheidex. He has absolutely no speech, no control 
of his oral vocal mechanisms. 

Mr. ScirEUER. How can you measuire his intelligence? 

Mr. VAXDERHErnEN. ^That's why I said estimated." As a matter 
of fact, a better word might be "guesstimated'' because there are no 
real means for measuring numerically- the capabilities of someone 
as physicaUy involved as Craig is. In addition, Craig's functional 
ability at this point would probabl}" be very, very much diminished 
because he has had no real means of expression for the first 14 years of 
his life. To exemplify the problem, imagine yourself with your month 
taped shut and your arms and legs bound, and then placed into a 
first grade situation and told to get an education. This is the kind of 
problem we have with these intelligent but physically involved 
children. 

Technologv now can allow us to interface this kind of an individual, 
and allow him to control materials and devices for education and 
daily living. From the film, we can see here that with proper inter- 
facing techniques even somebody who's as severely involved as 
Craijr is ean be Drovided with n functionnl menus of comnumication. 

Xow, the piece of film you are now seeing was shot 5 minutes after 
the film you just snw. You can see the tremendous increase in control 
tluit he seems to have ms a result of having an interface like this, 
which was developed to tnke advantage of the individual's abilities 
instead of amplifvinir his disabilities. 

This is nlso the first time that Craig has seen this interface. He 
operated it for only about 30 seconds before we turned the camera'on 
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for this picture. You'll notice his movements are still erratic, but he 
is successfully printing his name out. 

I have an e.xample of the board here for you to see. 

Now, this mjommg we've been talking about personal aids ami the 
ability to produce aids which can be with the individual, which can 
move around with him. Some of the aids we've seen this mornmg are 
already portable. Others are heading in that direction due to micro- 
processor technology. , ,, , . ■ i „-,i'> 

Here is an example of an aid which is on the "portable personal aid 
level. The entire system fits right within the lap tray. It mounts to 
the wheelchair arms and the individual then can communicate on it. 

Let me see if I can't demonstrate that a bit here [demonstration!. 
It has a couple of displays. One of them is an LED display, similar 
to a calculator. . ,. 

Now, as you can see, the aid is able to interpret even very erratic 
pointing motions. Actually, Craig was in very good form m that him. ■ 
Often he is much more involved and would be pointing something on 
the order of this [demonstrating]. . 

Now, in that flailing I have printed out an entire message, the 
board can print out the message on a strip tape. 

Here yon see the message that those flailing motions produced. 
Mr. ScHEUEH [reading! "Would you like to go for a drink.' 

'■^M?^ Vanderheide.v. These are the kind of aids which are now 
being developed for severely involved persons. This aid would be for 
someone wth Craig's disability. There are other aids foi individusAs 
who can't point at all. „u tUc 

Now many of the newer aids are being make possible througu tne 
introduction of microprocessors. As a matter of fact the microproc- 
essors being used are very small. You see an example here mdicatrngj. 
The microprocessor, actually microcomputer, is on the silver chip m 
the middle which is smaller than a dime. \ ou can get them do\vn to 
about $10 or $12 in quantity. . . , u, t tw,^ ;^ 

Now, more power— more memory— increases the cost but tnis is 

not the major cost. ^ i, i „„ 

The cost of developing the aids is only partially in the technology. 
And in developing aids of this kind the problem turns out to b^- some- 
thing like 10 percent technological developments, and about 9U per- 
cent advances in our understanding of iiow to apjily them and how to 
correctly bring- the technology to bear on the problems ot the indi- 
vidual with a nandicap. ■ • , , , , . „• 1 
For instance, one of the things we found when developing the aid 
was that it had to be able to fit the individual. As a result you 11 
that the input grid here is not printed on. The individuals actually 
make up their own input grids and vocabularies. So you could start 
out with a child who is just starting to learn and can t spell, by ^york- 
ing with symbols and pictures to helji a very young child begin to 
communicate. Then, the aid can grow with tlie child, adding things 
to it to meet the needs of the individual as he gets older. ' 

A voice synthesizer, for instance, can be placed directly mside ot 
this aid to allow the individual to interact in the classroom. 

When we look at these aids, we see that they're not really educational 
aids, but rather aids to education. We are seeing that technology can 
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not only serve to give uh educational aids such as teaching machines, 
computer-aided instruction, and so forth; but, can al.so use computers 
and computer technology to facilitate the actual development of 
personal aids which are aids to the education process as well as aids 
to the person's whole life. 

For example, if a person cannot speak and has no way of communi- 
cating or interacting, we're essentially excluding him from the world. 
By providing him with effective personal communicative aids, he can 
communicate, interact and participate in the world around him. If 
nothing else, a person should be able to interact with people around 
him if he's going to be considered a person. 

Mr. ScHEUER. Any question?** Jim? 

Mr. Jeffords. Is this available, or just in an experimental stage? 

Mr. Vanderheidex. About 40 of the aids were constructed on a 
trial basis and put for sale, if you will, on a cost basis by the University 
of Wisconsin. They were gone within 2 months. 

The Bureau of Education for the Handicapped, which funded the 
latter development*; of the aid is currently releasing this aid for 
production via the marketing mechanism that was mentioned earlier. 
There are several companies who have, for some time, been very,- 
very interested and have already offered to take it: It's being processed 
through the BEH mechanism, in order to select the best one, and to 
make sure that e([m\\ opportunity is given to everybody who would 
like to manufacture the aid. 

Mr. Jeffokds. Do \'ou have any idea what the anticipated cost 
for an individual to purchase it? 

Mr. Vanderheiden'. Yes. The cost is an interesting thing. The 
anticipated cost when it comes out probably will be in the area of 
$4,000 to $5,000; and that over its lifetime, which is probably al least 
10 vears or more, to about $400 or $500 per year. Now, the cost to 
educate these individuals ranges from $2,500 to $27,000 per child 
per vear, which ranges from about $40,000, some to $454,000. So the 
cost is very small to allow them to participate instead of just observing 
the educational process. 

Mr. Jeffouds. Do you have any idea of the number of individuals 
that might utilize such efjuipmeiit? 

Mr. VANDERHEinEN. Ycs. The marketing study tried to determine 
that number. Largely these individuals are so severely multiply 
handica])pod that thev show u|) in multiple categories, and there 
aren't any good clear 'statistics. The best estimate, however, would 
be that there are somewhere near 80,000 that need communication 
aids of this type. But not all of them could use this one. There are 
other techniques. That's one of the i)Owers of the microprocessor, 
and that is that this basic aid can he adapted to all of those, because 
it has the microcomputer in it. 
• It might also In* int(M-esting to note that the aid existed in a non- 
micmcomputer form prior; it was much less flexible and cost a lot 
more. So that thr introduction of the computer rather than raising 
tho cost, ciit the cost by several thousand (lollai*s. 

"Mr. JKrFouDs. Could this be used by paraple<rics? 

Mr. VAXDKiMiKinKX. Yes. It <'()uld he used by anyoiu' who. is severely 
motor or speech impaired and who could not use typewriters, or pen 
and paper, or other devices. This is only one device. 
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Wo'ro involved on researching and disseminating information on 
aids developed ;ill over tlie world, ;uid there iire miuiy devices uviiiliible 
in this area. This would just be an example of one of the more advanced 
ones. 

Mn Jeffokds. After a stroke, ehlerly people would be able to use 
this also? . . 

Mr. Vandeuiikidbn. Yes. It also has been used by stroke victuns 
and tnc elderly. A man in California, for instance, purchased one of 
the aids that wo hat! available for his wife, who had a stroke. 

Mr. Jeffoiids. Tliauk you. 

Mr. Gam^vgiikk. That lx)y Craig looked totally almost hopeless 
when you put him by a typewriter. With this machine in front of 
him — you say lieM only seen it 'M) si»conds i 

Mr. VAXDERiiEmEN. Yes. Ho had it about *>() s<'4'ontls. which is 
about as umch time as it took for me to get set up with my camera. 

Mr. Gali^u;iiek. He actually did better than you did at trying to 
imitate him. I mean he 

Mr. VAXDKRfiEmEX. Craig is better than I am. 

Mr. CiAixAOEiKR. I don't know what his IQ is. You say it could be 
high. But his motor operation compared to the old typewriter im- 
proved. He st»emed 

Mr. VANi)Xiini:n)EX. He is ([uite good, as I said. He does very well 
on it now. H(^ does bettei' than I do on it. That's not unconuuou for 
our kids, to Ik* able to surpass us when they use the aids. 

The thing that we havt* to reiuemb^M* is that when we'ir woi'king 
with thos(i individuals very often we see the motor handicap, aud we 
don't see beyond it. Wheu I fii>;t saw Craig, and I'm sure when: you 
fir.st saw Craig ou the lihn, your estimate of his capabilities was fai* 
different than after you saw him using the aid. 

Ml'. Sf'iiEUKR. That's why I asked the (piestiou. 

Mr. VANDEiuiKmK.x. That's right. Only now are thoy boginuing to 
really be able to do a gcxnl ussessiucMit (m him. And I ilou't know 
exactly where his iutclligtMice will fall. Hut it is clear that it is really 
(piite good, l)ecau>x' he's making iurredil)le gains in language develop- 
ment, froui having nothing after 14 yeai*s. to what he has_l>een able 
to achieve since then. 

Those individuals also have good p()te?itial beyond this. We now 
have an itulividual wlio is like Craig, who is .securing a jol) as a com- 
])nter data entry. AVe have another one who's a comjniter ])iT)gramcr. 

Our whole conceptioji of the severely handicapped is changing. I 
like the. terminology that John Kuh iibeVg at ^fiehigau State uses: 

Tliesi* '.wu'l scvorelv luindicapiH-d individuals, they're indi vidiuils wlio are 
experiencing a handicap, and in this ca.se n severe Iiandicap. 

And although Craig would be listed among. '*thc severelv handi- 
capi>ed." there's no n^asou that, with propter interface, that he has 
to retain that title. He might just he somebody who has severe 
celebral palsy but is ()uly moderat(>ly handieappecl. 

Jfr. SciiKi'KR. T like the phi'a.se '"people with special education 
needs, or special work needs, for some kind of help or support to 
enable them to function up lo their maximum capacity." 

Afl'. VAXDKRTIKmKX. Right. 
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Mr. SciiEUEU. A\'h() is to say who is handicapped ^ 
Bob? 

iU'. Walker. No questions. 
\Mr. SciiEUER. Dan 'i 

Mr. GiJCK3iAX. I'd just ask — you know, public school districts 
all over the country are being reciuired under lK>th State and Federal 
mandate to educate all child roji, and tlu»s<' would seem to be val- 
uable tools, and paiticularly in tlie concept, (if niahistreaming, wlien 
you'i*c putting; children with various special education problems into 
the classrouni. I see you're with tlie I'nivorsity of Wisconsin. I 
don't know what relationsliip you have in terms of »rettin<^ public 
school districts all over the country interested in this. 

Have you had any contact witli theui ? Wliat problems do you see 
in gettinf^ S(rliool districts, tlie on.es that are responsible for educating 
90 percent of our children, into this tiling ( 

^Ir. Vandkiuifuokn. Yes. We iwv in contact with rlieuL We do have 
to be careful, though, how we look at these aids and the school's role 
in their purchase. I'd like to reiterate a comnicut that was made earlier 
regarding whether or not the schools should he involved in buying 
them. It is important that these aids be thought of as personal aids to 
communication. The children need them, not just for education, 
but throughout their lives. Via the school, however, awareness can be 
generated. The danger i.s that the school svi-tem might l)e tempted to 
buy one for a classroom full of handicapped kids. This would he akin 
to buying a wheelchair for a roomfull of cerebral palsy children and 
letting eiK'h use it for a while during the day. How does a person talk 
the whole rest of the day? How do they participate, do homework, 
and classroom activities? 

Mr. ScHKUER. Bob? 

Mr. W.VLKKR. No questions. 

^fr. ScHKrEu. Thank you very, very uiuch. This lias been a re- 
nuirkably intc nesting presentation that you have given us. ^fr. 
Van der he idea. We appreciate it very mucli. 

Mr. VAXDERiiKmKX. Thank you. 

Mr. Sciiki;ku. The ne.\t witness will Ix* Dr. Sam Aslicroft. director 
of the National Center on Educational Media and Materials for the 
Handicapped of Ohio State University. 

Dr. Ashcroft, we look forward to your testiujony. 

Do you have techuolog}* to show us. or are vou simply going to 
testify? ' 

Dr. AsiiCR0Pi\ I have no technololgy hardware to show you 

>rr. SciiEUEu. OK. AVhy don't you 

Dr. AsiiCROPT [continuing]. Tn thatsens^e. 

Mr. ScTiKrER. Sinc(* we have six really very interest (»d ( 'ongressnien, 
both on the connnittee and ofT of the comniittee. why do/rt you make 
your testimony really not more than 4 or 5 minutes, so that they have 
a chance to go at you ? 

Dr. AsTiCROPT. I'll be glad to do that. 

[The prepaml statement of Dr. Ashcroft is as follower:] 
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INTRODUCTION 

Computer technology is making highly significant contributions to 
improving the lives and education of persons with handicaps. These 
highly significant contributions are illustrated by a tiny computer 
connected to implanted electrodes in the visual cortex of a blind 
person so that a subminature TV camera in a glass eye can provide a 
visual prothesis. From this complex experimentation at one extreme 
the applications range to the relatively simple problem of facilitating 
the enumeration of the approximately eight million handicapped chiluren 
who need special education. Between these two extremes lie a whole 
range of applications of technology facilitated by microelectronics which 
-have broujjht new hope and new problems to handicapped persons and their 
education . 

In our technologically oriented society we muiit Icam not only how 
to gain aiicess to information but also how to make effective use of it 
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in making major decisions abo^ education, work, and style of life. 
Technology has had both beneficial and detrimental aspects for disabled, 
linpaiTcd, avid handicapped individuals. Although it enables the person 
with a handicap to minimize ^ome of the effects of their handicaps and 
thus inspires new hope an^l aspirations, a related inability to cope with 
technology or failure to "nde^gtand and Use it effectively may complicate 
the handicap, foster despair, and separate disabled individuals even more 
fron the nainstrean of society t>ian they have been in the past. What 
is needed is to encourage* rather than to restrain technology, but to 
invest proportionate effort in the social, cultural, and psychological 
aspects of advancing technology what it can mean for the individual 
with a handicap. 

Following are brief descriptions of current developments that 
illustrate the role that coniputers can have in aiding the education 
of the handicapped and also indicate some of the problems yet to be 
solved in this exciting ^rea- 

THE NATIONAL INSTRUCTIONAL NtMERIALS INFORMATION SYSTEM (NIMIS) 
For the past three years at Ohio State University have been 
engaged in the development of the National Instructional Materials 
Infonnation System. NIMiS, ^s we know it, provides information on a 

v.. 

wide variety of instruction^^ materials which can be used in classrooms 
and other settings to educate handicapped children. >iIMIS is a computer- 
based, on-line interactive retrieval system specifically developed 
for the purpose of assisting teachers, parents, and other educators 
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in locating information about instructional materials. Such an on-line 
computer-based system enables individuals to "converse" with the computer. 
The individual asks questions by typing them on a computer keyboard and 
the answers icunediately appear on a television screen. 

NIMIS provides descriptive information concerning more than 35,000 
selected instructional media and materials. The materials are the 
of four kinds: child-use instructional materials - materials used by ^ 
the child or by 'che teacher and child interacting in the process of 
education, instruction, and evaluation. Secondly, teacher education 
materials - instructional materials used to prepare teachers to select, 
use, evaluate, design, and adapt media, materials, and educational 
technology for the special education of children with handicaps. Third, 
materials for measurement and evaluation - materials designed to prqvide 
for evaluation, assessment, measurement, and diagnosis of the current 
skills and abilities of the child with a handicap. And fourth, prototype 
materials - materials of an experimental or one of the kind nature that 
have been developed as models for possible future development. 

Most of the instructional media, materials, and educational 
technology in the NIMIS are non-print materials such as instructional 
kits, films video cassettes, audio cassettes, filmstrips, games, toys, 
and other materials exploiting audiovisual technology for the special 
education of persons with impairments, disabilities, and handicaps. 

NIMIS, with its 35,000 materials for special education, 7S only a 
small part of what is generally available. It is estimated that there 
%are iscre than 300,000 instructional materials available commercially in 
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1974. In the previous twenty years this figure reflected an increase of 
200*6 in textbooks, 500\ in 16mm motion picture films, 700% increase in 
records, and 800\ increase in filmstrips as well as innumerable audio 
tapes and cassettes, video tapes and video cassettes, overhead projection 
transparencies, multimedia kits, 8mm filmstrips , games and simulations. 
Unfortunately, all too few of these materials have been developed and 
tested with instructional effectiveness as a primary consideration. Even 
fewer have been specifically designed for use with persons who are handi- 
capped. The descriptive information on instructional media, material 
and technology included in NIMI5 is expected to be accompanied by evalu- 
ative information. Currently, hard evidence and data are lacking on most 
materials. However, all materials in the present system have been selected 
by specialists in the education of the handicapped and most of them are 
accompanied by a statement such as, "...evidence shows that this material 
is currently being used by teachers and educational programs (for the 

various disability groups) " It is to be hoped that evidence of the 

effectiveness of instructional materials to achieve learners' objectives 
and teacher goals will be improved as the system develops. 

THE NIMIS THESAURUS 

Access to information stored in N'IMIS is gained through special indexing 
terms called descriptors. These precisely defined terms are very important 
in retrieving information about instructional materials. There are more than 
800 such descriptors included in the Ins ' .jtional Materials Thesaurus for 
Special Education, 3rd Edition . The Thesaurus may be one, of the most 
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significant contributions of the NIMIS. The use of computer technology to 
aid teachers, parents, and students in the selection of appropriate instruc- 
tional materials for handicapping conditions that have significance for 
education requires careful definition of terms, precision in language, and 
detailed Specification of instructional objectives. Thus, the use ^ 
computers motivates a more objective and scientific approach to the special 
education of tho handicapped than has heretofore been commonly practiced. 

INSTRUCTIONAL MANAGEMENT SYSTEMS 

Among recent innovations in special education, making use of computer 
technology is the development of instructional management systems, instruc- . 
tional objectives banks or collections, and computer-based instructional 
support systems*. These systems are designed to enable teachers to 
individualize instruction and to identify the instructional objectives, 
teaching techniques and related instructional materials needed to attain 
highly specific instructional goals. We recently queried more than 20 such 
systems to explore the possibilities for providing an interface between • 
such systems and the NIMIS. Incomplete analysis indicates a wide range of 
sophistication in such systems, apparent duplication of effort, and the 
need for standards, criteria and guidelines for system development. Such 
guidelines should not be intended to reduce diversity nor to dampen creativity 

innovation, but to maximize the possibilities for complementary and 
compatible systems and to facilitate their use of a national system like 
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THE EDUCATION OF ALL HANDICAPPED CHILDREN ACT OF 1975 (P,L. ^a-U2) 
The widely heralded Education of All Handicapped Children Act of 1975, 
Public Law 94-142, requires the free and appropriate public education of all 
handicapped children in the least restrictive environment through an 
individualized educational program. Section 504 of the Rehabilitation Act 
of 1973 provides that schools may not exclude the handicapped. Providing 
an individualized educational program for eight million handicapped children 
including accessibility to schools, unbiased individual appraisal and an 
individualized educationaL prescription is a difficult task. Accessibility 
to the Required instrumentation for unbiased diagnostic and appraisal through 
the National Instructional Materials Information System and the availability 
of information about instructional materials specifically related to diagnosed 
instructional objectives is unlikely to be accomplished without the aid of 
computers . 

Public Law 94-142 requires the identification of all handicapped 
children. This demographic task can be facilitated by computers but is 
complicated by the problems of^ labeling, categorizing, and codifying 
individuals and information about them. Thus, the computer provides assis- 
tance but not without accompanying complication in the effective and humane 
management of information about individuals. 

CONtPUTER .APPLICATIONS TO HE H-VNPICAP OF BLINDNESS 

Perhaps the impairment c, hlindness and the potential for associated 
disabilities and handicap i»llustrato the potential for ameliorating the 
effects of handicaps through computers more drainat ical ly than in any other 
case. Current developments for the habi 1 itation , rehabilitation, and 
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and education of persons who are blind are in tune with the current 
interest in such motion pictures as Star Wars and such television programs 
as Logan's Run. Whereas the computer assisted visual prothesis using 
electrodes implanted in the brain is still in embryonic experimental 
stages, the Kurzweil Reading Machine for the Blind produces synthesized 
speech from the optical scanning of the printed page replicating graphic 
symbols as speech sounds, Tlie Kurzweil Ntachine with a moderate computer 
capacity contains a reasonably large vocabulary but when this vocabulary 
is not adequate to the printed message the machine spells the word out 
letter-by-letter. Without highly sophisticated computer technology and 
micro-miniature electronics such access to aural translation of print would 
continue to be unrealized independently by persons who are blind. Currently 
being field tested, the Kurzweil Reading Machine at about $15,000 per protot>'pe 
device, is expected to be improved rapidly and to be demonstrated effective 
as a reading machine for blind perstons . 

For some years now the American Printing Mouse for the Blind, the 
largest publishing house for braille and large t>'pe and audio materials for 
the blind in the world , has been using computer applications to facilitate 
the transcription of print to braille. Through a computer interface, a 
typist working at an ordinary typewriter, connected on-line to a computer 
can prepare braille materials in nccordance with the complex orthography 
of the braille system. Thus, an ordinary tv-pist with computer assistance 
can replace a brail list whose training typically required wore than a year. 

A recent French development called the Digi-Cas?ette or Portable Braille 
Recorder can provide in one small four pound package a computer terminal for 
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a blind person. The digi-cassette encodes braille and auditory material 
on an audio tape cassette and provides a braille readout in a twelve-cell 
recurring display at speeds under the control of the reader. The machine, 
in addition to its audio output from the same tape cassette can al^o be 
interfaced with an inexpensive calculator. Computations on the digi- 
cassette can be displayed visually on the inexpensive calculator and 
"calculations made on the calculator can be displayed in braille on the 
digi-cassette. This unique substitute for a braille writer which also 
includes a braille reading machine can open new employ:nent and occupational 
opportunities for blind persons by providing a computer terminal in a small 
and relatively reasonably priced package. 

A PROPOSAL FOR INTERNAtlONAL COOPERATION 

The availability of this promising technological development from 
France - the birthplace of Louis Braille - has significance for international 
cooperation. Many contributions to special education have come to us from 
abroad and more recently, we have contributed to the special education and 
general welfare of persons with handicaps through technical assis^tance and 
exporting ideas, equipment and materials. During the Summer of 197S, the 
CouncilforExceptional Children will sponsor the first World Congress on 
Special Education in Scotland., At that time we e.xpect to propose the 
development of an International Instructional Materials and Professional • 
Information System to foster the exchange of materials and information 
among all the countries of the world. We believe we will be the beneficiaries 
of such an exchange and can make a contribution to the education and welfare 
of persons with handicaps everywhere. 
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The illustrative applications of cotaputers to aiding the education of 
persons with handicaps both nationally and internationally is only symbolic 
of the vast array of possibilities that can be opened by the effective use 
of computers. The Education of All Handicapped Children Act of 1975 
ushered in a new era for the education of the handicapped and the Section 504 
of the Rehabilitation Services Act opens new occupational vistas for the 
handicapped. While these legislative enactments provide for the civil 
rights of the handicapped and open doors to persons with handicaps that 
have heretofore been closed or inaccessible, technology must now facilitate 
the full realization of the potential of the handicapped individuals. 
Computer technology can make a significant contribution to this direction. 




496 



STATEMENT OF DR. SAM C. ASHCHOFT, DIRECTOIl, NATIONAL CEN- 
TER ON EDUCATIONAL MEDIA AND MATERIALS TOR THE HANDI- 
CATPED (NCEMMH) 

Dr. AsHCROFT. It's a very hard act to follow without hardware., 
after these fascinating demonstrations, . a ^ 

Mr ScHEUER, Well, all of these demonstrations have been hard acts 
to follow. It's been a inarvelously interesting inorning for us all. 

Dr. AsHCROFT, I know that you were interested, from your ques- 
tions, in marketing and dissemination, and that has been one of our 
tasks at the national center, i- i r 

One of the means for distributing: information about these Kinds oi 
devices is the national instructional materials information system, or 
if you'll excuse me for using an acronym, NIMIS, , • ^ xi,- 

We, for the ])ast 3 years at Ohio State, have been developing this 
system, which is an online computer-based retrieval svstem lor in- 
formation about instructional equipment and materials for use by 
teachers, parents, and others who work with children who are handi- 
capped It's an interactive system, so that the individual can query it, 
get responses and have identified instructional media, materials, and 
educational technology that are responsive to specific needs of handi- 

^^?h?Hn?^these'past 3 years, more than 35,000 such instructional 
materials have been indexed into the system. They are materials of 
four kinds: child use instructional materials, materials for use iby the 
child himself; materials for teacher education, materials for instruc- 
tion of teachers in the use of such equipment and materials; and 
materials for diagnosis and appraisal of problems of children with 
handicaps— particularly their education problems, assessment and 
measurement of learning handicaps. The fourth category of materials 
has been prototype materials, materials and equipment in early 
stages of development of the kind that you have seen here. 

There is a correlated clearinghouse for information on professional 
special education at the Council for Exceptional Children ^ 

I mic^ht point out that the national instructional materials informa- 
tion system has recently been recoinpeted by the Bureau of Education 
for the Handicapped. Ohio State no longer has that contract, and it 
is now with the University of Southern California. And we presume 
that NIMUS project II wi'll be an extension, in general, of the current 

^"^Among the many benefits of this system is. the NliMIS Thesaurus, 
a 'dictionary of descriptors— more than 800 terms— relating to such 
instructional media and materials, which help in introducinK precision 
in language and for detailed specification of instructional materials 
to meet specific instructional objectives, . , , . . ..^ 

Another recent development in special education, particularly 
relevant to diagnosing the learning problems of children with handi- 
caps is instructional management systems. These arc systems that 
^ use instructional objectives and instructional technology, to relate 
to specific problems of handicapped indivu5^^als, 

mMIS can be a very useful device in providing instructional 
materials responsive to " unique leaminc orobiems of handicapped 
individuals. 
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Dr. AsncuoiT. I'd liko to call your uttcntioi\ to a new device for 
the blind, a portable braille recordor, being introduced in this country 
from Franco. The portat)le braillo recorder is a 4-pound device that 
records on aiulio tape, alonf? with audio nuiterial, braille information 
whif'.h can be read out in a"r2-cell display from the sau\o reading and 
writiuij device. This device can servo as a computer ternunal for 
blind "persons and opens new employment and educational opportun- 
ities for the blind. , , 

rd like also to call vour attention, finally, to the World Congress on 
Special Education, to be held in Scotland next summer. I know your 
committee is interested in the intermitional shanng of infornuition. 
And we expect to propose there an international instructional mate- 
rials and professional mfonnation system, to share infornuition front 
this countrv and also to obtaii\ information from abroad for use in this 

countrv. , , i r i i 

Mr.'ScuKUKK. Will tliere be exhibits there of the kind of l)reak- 
throughs that we've seen and heard this morning? 

Dr.'^AsncHoKT. Tm sure there will; yes. . 
Mr. SciiETKii. Arc there any of the pci)plc who talked to us this 
morning who would find any dilliculty or problems in exhibiting their 
te(dinologv in Sc^otland next summer? Is any kind of U.S. assistance 
needed or aopropriato here? 

Mr. V.VNOKUHKmKN'. 1 think that travel outside of the country, 
in geiieral, is verv diflicult fc * any research group. Federal funds, of 
com-se, are not available, (irant funds, except with a lot of strings 
cannot bo used for out-of-coiuU ly Ira vol. So in general, all exhibition 
of the work, that Tm familial* wi'th in this field has been constrained 
to this countrv, r i i • i 

Mr SciiErKit. Wol', I Ihink there ought to be a way for the kind 
of toclinoloLTV we've soon hero to he exhibited to countries abroad. 1 
think it woiild be well for our image a< the conipiissionnte, humane, 
and docont pooph* that we :irr for broakthrouglis of this kind to be 
oxhiblted jibroad ui adduion to the neutron bomb. . 

Tho Lronthuuan fr{)m tlu* ()flic(^ of IIKW, Mr. l[ormjm, would you 
n\^u ^nyc \\< some kind of memo iis to what Mio current status of the 
art is^so far iis tho cai)iibility of those |)rivato sector firms to exhibit 
abroad, and when* tho fiindiiiL: would vomo from, in cases where they 
wouhl need a little nssistaucc for trMVol and so forth— can that be 
done undor oxistiiiL^ l<'iri>lat ion'.' Or would now logislat'on be rofpiired? 

1 feci vorv strongly th:it wc should share with tho world the fact 
that wo arc c(Uicorncd. that wo are involvoiL and that we are sensitive 
to the needs of those— and I won't oven say handicap|)ed— of those 
with special noods, both oilucational uoods and vocat ional needs. And 
I think our country has to make it possible for these exhibits to ho 
shown lU ."^cotlaiul next voar. 
Yes, sir? 

Mr. MiM.KK. Tho NIM!^ j)rograin is for (hssemmation of informa- 
tion about proirrams that ;u*c available for teaching, for management, 
forstudont aids? • i ■ 

Dr. .VsiicKorr. \ol about proL^'ams. but information about instruc- 
" ti(»nal materials and technology. 

Mr. .Ntn.i.EK. Instructional materials. 
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But on the receiviriii; end, the local education agency, wlmt have 
you, must have tlie ability to purchase tlie pro<^rams. You are not 
suppliers? What I'm saying 

Dr. AsHCROFT. Yes. The National Center has been a supplier of 
information through a program of the Bureau of Education for the 
Handicapped, a learning resources program, a regional program which 
has made it possible for local education agencies to get this information. 

Mr. Miller. What has happened? I mean 

Pr^ As'pcROFT. That is being redesigned now, and we don't know 
what it will be 

Mr, Miller. In light of 142 

Dr, AsHCROFT [continuing]. In the future. 

Mr, Miller, What's the change been? 

Dr. AsHCROFT. We anticipate that there will be a substantially 
increased local demand for the service. But there still needs to be 
preparation on the part of teachers and the local education personnel 
to utilize the information, 

' Mr. Miller. Now, when you say NIMIS II, at USC, what are you 
saying? What are they doing, that is different from what you have 
done at Ohio State? 

Dr. AsHCROFT- The request for proposals issued by the Bureau of 
Education for the Handicapped called for a redesign of this system, 
and it's to be 'dialled NIMIS Project II, and they'll be undertaking that 
redesign in the immediate future. 

Mr. Miller, For what purpose? Redesign as to what purpose? Yes? 

Mr. Herman. Mr. Miller, if I may, we are obligated to recompete 
these activities every couple of years. 

Second, the new competition was baseJ to bring into focus new 
technology, and to deal with No. 94-142 in the States' increased 
responsibilities under No. 94-142, 

Basically, the Bureau feels that it's necessary to deal more directly 
with the States at this time. That's the advice of outside people arid 
State people helping us also. We also feel it's necessary to use our tech- 
nology and whatever financial assistance we have to help the States 
to, then in turn, deal with their local education agencies instead of the 
Federal Government to go so far with the States as to take away any 
State initiative, and supply information to those people. 

And we also, of course, want to take, while we had this opportunity 
to redesign the project, advantage of the new technology, such as 
minicom|)uters and microcomputers. 

Mr. Miller. But it's not a break in the flow of information? 

Mr. Herman. No, sir, 

Mr. Miller, OK. Thank you. 

Mr. ScKEUER. Any other ([uestions from the members? 
[No response,] 

Mr. ScHEUER. OK. Thank you very nuich. It's been very interest- 
ing. We very much appreciate your time and effort in coming. 

Ne.\t is Dr. Seymour Papert. the director of the artificial intel- 
ligence laboratory at Massachusetts Institute of Technology, 

[The prepared statement of Dr. Seymour Papert is as follows:] 
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Many tens of thousands, perliaps hundreds of thousands, 
of Americans now condemned by such diseases as cerebral 
palsy to lives characterised by Is' ;».,, r.lon , cultural 
deprivation and dependency could be liberated through 
proper use of computer technology. In the extreme case 
people who neither speak nor write and whose formal 
education scarcely reaches the level of the first grades 
could have access to culture, to communication, to social 
lives, and to careers. 

The reason why this has not yet happened is not technical 
but institutional. It is the direct consequence of 
policies and traditions in the funding agencies. These 
policies were appropriate in the pre-computer epoch but 
are fundamentally out of tune with what it takes to 
engage a sophisticated high technology. The key issue is 
illustrated by a current call for proposals by the Bureau 
for the Education of the Handicapped. This document 
indicates that the available funds will most likely be 
distributed in sums in the vicinity of $100,000 to each 
of twenty or thirty research projects. This is like trying 
to cross a thousand foot wide canyon by lining up- a 
thousand people each capable of jumping one foot and 
ordering them to jump! If instead, the B.E.H. distributed 
a million a year to two or three jierious, integrated 
projects, real results could be obtained. Of course, more 
money is really needed. But even larger sums would do 
no good without changing the policy of fragmentation into 
projects of sub-critical size. The deployment of the new 
technology needs to be considered in terms of total, 
integrated systems . 

The need for a holistic, global systems approach to the 
problem of liberation of victims of severe cerebral paJ sy 
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Is not an Isolated case. In my testimony on October 12th 
I showed how the same Issues plague the whole field of / 
applications of personal computer power to problems of / 
enhancement of education, and of the quality of life / 
in general. In that testimony I recommended the (.format ion 
of a small number of centers of academic excellence irv the 
new discipline of studying and developing this neglected 
aspect of the otential use of the computer. I believe 
that thlJ s&^ii suggestion also provides the most effective 
approach to the use of computers to liberate the severely 
handicapped. Such centers could have a sufficiently wide 
span of expertise and of technical resources to provide 
the infrastructure for particular projects. 

An example which refers back to the suggestion of an 
"informational prosthetic" for the' severely cerebral 
palsied will give some insight into the need for a system. 
A person who is quite unable to manipulate physical objects 
or to speak, almost always has some control, even if slight, 
over some muscle. Once this residual control has been 
identified, and given that sophisticated expertise in 
artificial intelligence and pattern recognition is 
available, a computer can be programmed to recognize 
patterns of movement of that muscle and thus a channel of 
communication can be established from the person to the 
computer. Once established this channel gives the handicapped 
person the power to learn (provided that expertise in computer 
based education is at hand) to control that computer and so 
to carry- out whatever acts a computer can be programmed to 
perfoni^. In brief, these acts involve the manipulation of 
information. Thus, highly sophisticated manipulations of 
words, pictures, and sounds will come within the power of 
someone who prevj^ously could not perform more than the most 
rudimentary actions. 
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The gateway to culture is opened. So is the possibility • 
of numerous careers* s^me of a routine nature, some highly 
creative. For example the person could now become a computer 
progranmer or a technical writer or a novelist. 

It should be evident that achieving this requires building 
a rather large system Requiring in addition to computer 
h<ardware and software ^ social component and the organization 
of infonaation. Clearly, building such systems will not 
come about through a larger number of projects each of which 
tries to provide a small improvement in the lives of the 
handicapped. Nor ghould this problem be confused with the 
more straightforward o^Ve of helping people with lesser 
degrees of impairment. For example, people who become 
paralyzed as a result Qf an accident have been linked to 
computers and have become very successful programmers. But 
these atet people who already had an education, so the 
educational component of the system was much smaller than 
it would be in the caS^ i am considering. The same remark 
applies to the development of social skills, to rebuilding 
a damaged self-image ^nd so on. In short, our problem has 
many components only ^^me of which are present in the simpler 
case. But none of these coCjionents pose insuperable diffi- 
culties. Our failure to build the system is due entirely 
to the difficulty in tnobilizing resources of expertise, 
technical facilities a^d funding. This situation is quite 
inexcusable. 
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STATEMENT OF DR. SEYMOUR PAPE2T, CECIL AMD IDA GREEN, 
PROFESSOR OF EDUCATION, MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 

Dr. P.APERT. I'd just like to put two things hoforc you. 

First of all, Fd like to show you a tiny littlo pi-ce of technology, and 
then rd like to raise what I think is a -ritical issue about the whole 
persnoctive of this sort of thing. I 'll try to spend just 2 minutes on each. 

Mr. ScHEUER. Fine. 

Dr. Papert. Now, the piece of technology— I think you can see 
it — as you can see on that screen, maybe you can see a little crude 
picture of a stick figure. 

[Demonstration.] 

Dr. P.\PERT. Pm not going to be able to show you very much, and 
if you all come this afternoon we'll take you through the detailed 
steps. I want to use that as an example, which Pll illustrate in the 
context of prototype pilot experiments which we did at MIT, which 
I mentioned lust^wcek, and which Paul Goldenberg [phonetic] par- 
ticipated. 

A child very much like Craig— you saw how by hitting at the right 
place on a board he could inakc a ticker tape come out with writing 
on it. Now, in those oxperiinents Pm going to tell you about, by 
hitting on a similar board, which is connected to the computer, ho 
can do anything that a comi)uter (-an do. 

One of the things that— this wasn't Craig; it was somebody else 
exactly in the same condition — he can instruct the computer to draw 
lines, and he can make pictures. Having made the picture, he can 
instruct the computer to ])rint it, and get not only the ticker tape but 
a drawing. . ., , 

Similarly, he (-an instruct the computer to make music. Similarly, 
if he does'instruct the c(>mi)uter to make words, this can be not only 
on a i)iece of tick<'r ta])e, '..ut it can be kept in the computer memory 
and be corrected later, and a part of his personal (iling system forever. 
So iO years later hi* can go bark and look at his notes and his archives, 
lie can cause it to be mailed as a letter. 

All right. That's a little sample of the technology. 

YouMl notice that the picture drawn there of a stick (igure — .see, it's 
just the simi)lest picture you can imagine. Next to it is the star. 

Part of what we're trying to do is create a way iu which somebody 
with almost no previous knowledge of any form or thing, who has 
never (h^awn anything, who knows little geometry, who can't talk to 
a computer in terms'of X's and V's, can nevertheless begin to draw 
something which he has never done before. 

The \vav he begins to draw is by using this computer system, in 
which there's— within tli(^ computer there's a little animal, ^vith 
which he can identify You call a turtle, and he instnirts the turtle 
to walk on the screen by saying "Walk fonvard", and the turtle 
moves in the direction it s' facing; or ho can toll it to turn left or right. 
And this A\ ay ho- can draw on what he's already ob.sei'\;o(l other peonle 
doing, \valking around. And vicariously ho can do It. And so this 
kno\vlcdf:'^ that he's been building U]) by observing the world gets 
channeled into a form where it's useful, where It is Instructional— of 
course, he's learning geometry. But he is opening u]) the possibilities 
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of beinjr able to cause action in the world, and evontually have many 
sorts of careers. . • 

Well, that's the glimpse of technolog}' I wanted to give you. 
I want now to raise a problem. Raising the problem puts me in 
a — I find it's an invidious, difficult situation, because when you ask 
us — by us I mean anyone in this sort of conununity, trying to make 
innovations — to come to you and tell you what wc have done, we tell 
you what we have done and show you our wonderful ])ieces of machines 
and what great things they do. 

There's a sort of built-in resistance in the whole procedure to tell 
you what we haven't done, because it's by tolling you what we Imve 
done that we establish our credentials, that we get more money, that 
we justify the money we've got, and so on. 

I think what we have done is so far sliort of what could liave been 
done that — I think people mention who's in viohition of the law for 
providing opportunities for the handicapped — I think we as a nation 
are in permanent violation of that law. 

I'd like only to jfive an oxnmj)le to illustrate what I mean by this, 
by again referring to somebody in the j^osition of the adolescent with 
cerebral palsy — that isn't Craig, who we saAv. You can see liow Craig 
is able to act on this board in order to ])roduce writing. Now, I think 
that's a typical example of tlie kind of the phenoma of the situation 
thai we're all forced into all the time in this .^ort of education, because 
the limitations of the fimding and I ho resources available — I say it's 
a typical example of the concept of the automobile as the liorseless 
(Carriage; if you tukn the new tiling, the engine, nnd you put it in the 
carriage that you already have. 

Now, in tliis case we have an ethieation .system that works mainly 
through interchange of words between teachers and students, and we 
nuike a nuichine where we automate that particular function. We make 
a new device which sits inside an otherwise unchanged — whicli expects 
to func,t ion inside an otherwise unc-hanged education system. 

Whereas, in fact, a recouceptualization. u rethinking in .systems 
terms, of the whole process of odiicjition, of what people should learn 
and how they can lejiru it, leads to a whole diiferent picture of what 
can be done. P»ufr it's something which no individual group is very 
easily able to do in principle, and also because — this is my main 
reconnnendatioii. the nuiin nn'omnK^ndsition point T want to make — 
bocaiise of the kind of scale of funding which has become established 
in this business. 

Tt becomes much easier for people to ninke other devices which fit 
into the otherwise imchanGfed svstem than for anybody to be con- 
cerned with the change of the whole system. As a result, we see more 
s()ectacular develo])ments in areas like these machines for the blind, 
where the particular s[)ecial need is such that nnikinir a particular 
device doe-^ in fact so tran'^form the opportunities for the individual 
that vou don't have to think in terms of cljaneing the whole system. 

T think for Crai?i it miirlit 'ne that if he is iroing to learn, not only 
how to j)ut out a written messnire, if lie's croing to lenrn ireometry, 
drawing, music, liternture, we need to think in much, much broader 
terms. And this can't all be mediated simply by conceptualizing it 
as the proi)lem of communication — conceptualization which I don't 



think anyl)0(ly does willlnj^^ly, hut is forced to do hy iho way in which 
the conditions of work arc sot. up. 

And so I want to make this reconunondation, that wo as a com- 
munity, that Confrress treat itas a matter of extreme national ur^^oncy, 
to consider the systems aspect, the hohstic, irlohal redesiirn prohlem 
of e(hication as a whole,' of course; but because of today's special 
focus, particularly -in relation to those individuals whose special 
needs, like C'niii^'s, are of such a ^cncM'ulized nature that perhaps in 
order to- make it possible for him to have a full life, full access to 
culture, to communication with people, we need to think in much 
wider terins. We need to think in terms of computer networks, in 
terms of his frettini; access to books that will be in centrali;^ed elec- 
tronic form, where in terms of ppenini; possibilities of profession's 
where he can have an independent vocation of a routine sort or of a 
very creative sort, depend in^^ on his choice and aspiration level. And 
this is what I'd like to ptit on the lecord. 

I'll be happy to'answer (luestions. 

Mr. Srni:uEU. Very interesting^ Professor. Georj^e? 

Mr. Mim*j:u. For the reasons that you cite, and a lot of other 
reasons, I suirirest that we're basically in violation certainly of what 
is possible, that various pro^irrams miudit be done — not just what 
we've siien here,, hut in chanire of the system, educational .system. T 
appreciate your remarks ver\* nuicli. 

Mr. Scjir:uKit. Dale? 

Mr. KiLDEio. I have no further (juestions. T just want to an.swer 
the rollcall. 

Mr. Sc HPUTKu. Ves. All riirht. 

Dr. Papert, you have stimulated us ar^ain and pjuilt ridden us again. 
Mr. Kir.nKE. Do that again. 

Mr. ScHEutrti. We are way behind where we ought to be. I guess 
it's our job to jju.sh u.s all forward in sort of a quantum jump. 

We'll take your words vcm v seriously, and Pm sure we'll be in touch 
with you to get additional ndvice and counsel from you. Thank you 
very much for your testimony. 

Is there anything else we can learn from looking at your technology 
that we haven't had a chance to see? 

Dr. P.\rEiiT. Well, you see, T think something'about the computer 
technology in the way it interacts with you and becomes something 
personal between you and the computer. 

Mr. ScHEUiiu. Ves. 

Dr. Papeut. And to get a real feel for it, what you have to do is 
go and sit down and be in corn'mmiication with it. And so I invite 
everybody to — the young lady and the machine will be liere this 
aft(M'noon. 

Mr. ScHEUEii. Ver\- good. 

Dr. Papeiit. We'lfbe able to show more. 
* Mr. ScHETJER. Excellent. We'll be seeing you^later. 

Pm going to turn over the Chair to Dale Ivildee, a distinguished 
member of our Subcommittee on Select Education. 

Thank you, Dale. 

Mr. KiLOEE. Thank you, Mr. Chairman. 

Our next witness is 'Mr. Dustin Heuston, chairman of the World 
Institute for Computer-Assisted Teaching in New Vork. 
[The prepared statement of Mr. Heuston is as follows:] 
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EDUCATISC J\Ul MANOrCAPPnn 
THROUGH THE USH OP THH VlDIiOniSC 

An Ideal Educational Device for the Handicapped 

In the next few years the videodisc will become a familiar 
entertainment and educational device. Because of its unusual 
characteristics, it promises to be an extremely useful educational 
aid for the handicapped. This would be a propitious time for some 
projects using prototypes of the viJeodisc in experimental programs. 
Then, when thevideodisc becomes an inexpensive commc rc i n 1 ly avn i 1 ab le 
product, it will be usable immediately for the handicapped. The 
first test commercial nodels should be appearing in the fall of 1979 
and the disc will probably be distributed nationally on a regul;:r 
basis by 1980. 

One of the advantjgcs of beginning work on the device imm'^d in te ly 
would be the possibility of influencing the development of it.s 
design specifications. At this moment the commercial vendors «Trc 
in n state of flux in their videodisc keyboard and interface design, 
and should pilot pro j ec t.s demons t rn tc to them some educational uses 
of the videodisc for the handicapped, then undoubtedly The potential 
for these specifications would be retained in the final product. 
To the extent that this is possible, it is an important consideration. 
If these unique specifications arc present in the models that arc 
released for the mass market , those devices that arc used by the 
handicapped will cost a great deal loss than if they are expensive 
modifications of the standard units. Undoubtedly scne of the 
requirements for educating, the haiuli capped wilJ be so uniipio as to 
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force oxpcisivc nod i f i ca r i on. . but to the extent that standard units 
may be used a great deal of noney will Uc saved. 

In ordcr to under'^tand the potential power of the videodisc as 
an instructional unit for the handicapped, we should consider the 
design specifications of an ideal educational device. Such a device 
would have the followinc characteristics: 

(1) The device should utilize as r.any of the senses as possible. 
• The videodisc does this becaus'e it will be able to present 

color movies or still franre pictures with sound. 

(2) The device should be able to offer in lerac t i ve - ins t rue t i on 
that can ask questions in sound, print, or by a manual 
device, process the answer throuj:h computer control, and 
then offer a response to the answer to clarify the student 
perfornancc. This constant sequence of .trials an*- responses 
is particularly useful for handicapped students who n.ay 

he tryin}: to up,:rado a marr.inal skill. The infinite patience 
of the machine in y/x^iny, the neede^l trials i<J one of the 
j'.rcal advantar.es of lechnolo^iy, 
(3) The device sliould be able to offer a nnximun artistic and 
emotional inpnct in its presentation format. There should 
he color, sound, notion, plot and character identification, 
etc., to inspire, stimulate and motivate the student to 
interact and -ain mastery of the educational tasks. Since 
the videodisc u-^es the color television screen as one of 
its output fornars. it can incorporate all the latent drnna 
of a novie or television proiluction. 



^ JLJi 



509 



(4) The device should be os'littU* tcatrher-dependent as possible 
so that the education of the handicapped will be attainable 
where marginal teacher skills arc available. Students will 
always need the example, identification, inspiration and 
modeling that teachers and adults provide; but to the extent 
that the device can ensure flawless educational instruction, 
the student will be protected from the vagaries of uneven 
teacher performance. Since the videodisc will have the 
capability to offer ind i vidual i zed in teradt i ve instruction 
better than any other known technology, it will meet this 
spec i f 1 c/it ion. 

(5) The device should be portable and usable in a home as well 
as institutional en-v i ronmen t - Since the videodisc uses 
the color television screen as its normal output format, 
it is an ideal device for this purpose. This means that 
many of the handicapped students who have difficulty' in 
traveling between their hones and centers of education, 
or information centers such as libraries, will have an 
astonishingly prolific resource center and instructional 
device to be used in their home environment. Furthermore, 
handicapped Workers who desire further training in their 
skills will be able to take instruction at their place of . 
employment rather than be transported to special professional 
schools for this addit ional training. 
(6) The device should be inexpensive, reliable, and maintainable 
by normal repair facilities. The videodisc should fit these 
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specifications very handily since it promises to be a 
standard cons^.er ite. that will be repaired through the 
„place.ent of si.ple boards ..ch as a .od.lari.ed television 
set is at present. If it does achieve cons^.er acceptance, 
then .any standard repair facilities sho.ld be able to 
maintain th. device. The videodisc player will sell 
the J500 to $1,000 range, depending on the character.st.es 
desired in the player. It looks lilce a large record 
player and will connect directly to the antenna of a 
color television set. 
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The Videodisc Components 

In discussions of the v idcod i sc , the reader should be aware 
that in the early, or consumer model, videodisc there are three 
components to the package: (1) a videodisc player, (2) the video 
disc itself, and (3) a color television set connected by wires to 
the videodisc player: 




A short time after, the consunier model is introduced, a nicro- * 
processor will be added as a fourth component to allow the player 
to be driven under computer instead of manual control. For the 
purpose of this paper the two systems will be distinguished by calling 
the first the consumer model and the second the educational model. 
Actually, both models will be usable for education, but the addition 
of the microprocessorwiU make the videodisc a much more powerful 
educational device. 
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The Videodisc in Perspective 

The educational potential of the videodisc can be heightened 
by comparing the videodisc to other technologies. The three most 
laportant technologies that education has attempted to harness are: 

(1) The book. 

(2) The notion picture (television). 

(3) The coi^puter. 

Each of these technologies has enormous strengths and weaknesses as 
gn educational device, and before we examine the videodisc in relation 
to them we must see them in perspective. 

The book . Most people have forgotten that the book is a product 
of technology, and indeed to date. is by far the most successful use 
of technology in aiding education. It is portable, relatively 
inexpensive, and has random access abilities. It can be easily 
replicated accurately and distributed. There are some major dis- 
advantages of the book, however: 

(a) It is not interactive. 

(b) It lacks motion and sound. 

(c) It cannot be personalized or modified very easily. 

' (d) It produces only fair learner productivity because of 

the first three' points . The book is inherently a passive 
device which requires a well trained, highly literate and 
highly motivated user to be effective. Unfortunately, 
the population that needs to be trained the most is 
functionally illiterate and, therefore, has difficulty 
using the book. 
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television (the motion picture) once appeared to have the 
greatest potential of any oif the media for instruction. It has many 
obvious advantages including the expense of the equipment, the lack 
of communications costs, and the fact that it is already present in 
almost every home. After a number of years of usage, however, there 
are some fundamental shortcomings in the use of television broadcasting 
as an instructional technology. While the technology increased the 
productivity of the teacher, it is not a very productive approach for 
the' learner. Some of the shortcomings from t;he productivity of' the 
learner are as follows: 

(a) He must arrange his time to be available at the moment 
the material is being broadcast. 

(b) The presentation is in a serial form so that he miist 
wait patiently for the appropriate significant moments. 
Even. in reading a newspaper one has random access ability 
that television lacks. 

(c) He cannot stop the material and review it if he has 
suddenly found it too difficult. 

(d) The materials being presented rarely are at the appro- 
priate level for his individual needs at that point. 
He cannot have an easier or harder version of what he 
is studying, and he cannot go into any aspect of it in 
any depth. 

(e) He cannot interact with the materials and get a response 
as he attempts learning trials. 
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The strengths of a standard computer assisted instruction 
appronch with cither CRT or teletype terminals are well known. 
Instruction can be individualised and made highly interactive. There 
have been some graphics materials added with special graphics 
terminals, but for the most part the standard CAI approaches lack 
the ability to use the motion picture sound and color format that can 
be so appea 1 ing to a student. To date those systems have been 
expensive and also require hi^h communications costs when the materials 
are placed at a distance from the host conputer. 

The Videodisc: A Combination of Strengths 
The single most important insight to retain about the videodisc 
in education is that it combines the strengths of these three previous 
technologies. Since it combines these strengths it helps eradicate 
their weakner.ces because, as we have seen, each technology's strengths 
complement the others' weaknesses. A chart should help to clarify 
this : 
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BOOK 


Strengths 


Weaknesses 


DRandoa 
access. 


DNfl. 
interactivity. 


2)Low 
expense. 


2)Lack of 
ROtiop. and 
sound. 


3)AvailabiUty, 


3)Reqiiircs 
literacy. 


4)ftcpUca' 
' biliiy. 


4)Fixed level 
of 

difficulty. 


1 


5)Usually in one 
language. 




6)llcqi]ires high 
learner 
notivnrion. 




7)Low learner 
productivitjf.^^ 



FAIR LEARNER PRODUCTIVITY 
FAIR PRESENTATIO.'I FORI-UT 



TELEVISION (MOVIES) 


Strengths 


Weaknesses 


l)Audio 
capability. 


IjSerial pre- 
sentation, no 
randon access 
ability. 


2)Visual format 
allowing 
photography. 


2) Inability to 
freeze a 
frame. 


ijHotion 
capabilities. 


3)Inability to 
give trials 
with feedback. 


4)Use of plot 
5 characteri- 
zation. 


(jPassive sys- 
tem. User can- 
not ''Aitiatc 
anv materials. 


5)E35e of 
availability, 


5)Liraited depth 
of 

instruction. 


6)Low expense. 


6) Extremely poor 
learner 
productivity. 







POOR LEARNER PRODUCTIVITY 
EXCELLENT PRESENTATION FORilAT 



COy.PUTER 


Strengths 


Weaknesses 


l)Random 
access 
ability. 


l)Lack of 
audio, 


2)Ability to 
give trials 
with 

feedback. 


2)Poor presen- 
tation format; 
primarily 
black 6 white. 


3]Active system. 
Ability to 
compute ^ run 
programs. 


3]Lack of 
motion and 
photography, 




4)Lack of 
characteri- 
zation 5 plot 

ahil ities 




5)Expense. 




* 








POOR PRESENTATION' FOfty.AT - 
EXCELLENT LEARNER PRODUCTIVITY 

- 




(STRENGTHS OF ALL THREE TRADITIONS) 
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As the chart indicates, the videodisc combines the strengths 
cf .the other technologies. But the videodisc as a technology, 
however, has two potential weaknesses: 

(1) It is a ROM [Read Only Memory ), like an LP record, that 



cannot be modified by the user. Unquestionably many 
consumers will prefer a tape cassette unit which will 
enable them to tape any program they desire for just the 
cost of that tape. The Vid^codisc cannot be modified by 
the consumer, and thus enough exciting material must be 
developed independently of standard television fare and 
kept at a low enough cost to make the player attractive 
for the consumer. 

Even this apparent weakness has a positive aspect to it. 
however, because a Read Only Memory offers some protection 
from piracy for the commercial developers of educational 
and entertainment materials. Many of these commercial 
producers arc reluctant to use a device such as a video- 
tape cassette as a storage medium for their materials 
because they can be readily copied and. pirated without 
paying royalties or purchasing additional copies from 
them . As we have already discussed , the format of the 
videodisc will most likeiv have motion picture sections 
alternating with many still frames, and any taped copy of 
this for a videotape player would only present fragmented 
movie clips followed by a blur of jumbled still frames 




going by the screen at 30 francs per second. Even in cases 
where videodiscs have very few still franes in them, the 
tapt Cost for the copy nay very likely be more than the 
Cost ofpurchasing another videodisc. 
(2) It Is in unproven technolocy that must be sold in sufficient 
volume in the marketplace to keep its cost at a reasonable 
level. During the next few years there will be an interesting 
ajrf;»ting struggle between the cartridge tape and videodisc 
Mnufictur«rSf The nanufactururs of the tape players hope 
to place their products in great volume in the homo market 
before the videodisc player manufacturers can complete their 
yittr\ct testing and bring their product to the marketplace 
for the consumer Their hope is th3t if the consumer is 
only going to purchase one playing device to attach to his 
color television net and if the tape cassette player is 
available sooner, they will wrest away most of the available 
market. In truth, since each device has unique abilities, 
' both will probably find a niche in the Consumer marketplace 
over the next few years. 

The tape cassettes have one distinct advantage and six 
serious disadvantages in relation to the videodisc- The 
advantage is that the consumer can tape any program he 
wants from the television screen anc! retain a copy for his 
files. The videodisc must be pressed at a factory, so the 
consumer will only be able to play program materials that 
he has specifically purchased in videodisc form. 
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The disadvantages of the tape cassette approach are: 

(a) The tape system cannot currently be accessed randomly, 
and although there will undoubtedly be some attempts to 
rectify :Ms in the future, it will always lack the 
'simplicity, speed, and reliability of the videodisc 

technology. 

(b) The cost for the tape itself will e?cceed the cost of 
the videodisc materials. Thus the videodisc should 
always cost less in raw materi'als to manufacture than 
tape cassettes. 

(c) The mechanics of handling tape are inherently more 
complex than those of handling the videodisc. This 
means that the equipment will have to be more complex 

and will have more reliability problems. 

(d) The tape will always wear out after extensive usage, 

' whereas the videodisc, using a laser stylus, will for 
all practical purposes last indefinitely. 

(e) Unless -unusually high volume is achieved, the price of 
the tape player will also be more than the videodisc 
player because of the equipment's complexity. 

^ (f) The tape system cannot currently handle a stUl frame 

without extensive modification. 
A discussion of costs in developing educational materials will 
be found in the ner.t section on authoring. At this juncture we can 
make some reasonable guesses that will serve as general guides: 
(1) The videodisc consumer model player will sell in the 
neighborhood of $500. 
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(2) The cost of the material used to press a videodisc will 
probably be in the 20< to 50< range, 

(3) The records are likely to sell commercially in the $10 to 
$20 range per set, although it is conceivable that the 
cost could drop as low as $5 for some markets, A two-hour 
movie would require four discs, and the movie would be 
sold as a set. 

(4) The more sturdily built educational model with the micro- 
processor will probably retail in the $1,000 range. 

Summary 

Eich of the technologies has special strengths and weaknesses, 

but overall the videodisc should have the ability to combine the 

be^t features of a number of the others. The hardware will be 

J' 

inexpensive and yet, while retaining the emotional impact of motion 
and sound inherent in a film or television medium, it will also add 
the ability to offer individualized and interactive instruction for 
the students that has been available only with computer assisted 
instruction , 

^ 



522 



520 



A Closer Look .it the Videodisc Technology 

The vi dcod i5C looks ve ry rnic h like .« shiny s i 1 vo r - colo rcvl LP 
rcco rd . Unlike tlie LP record , houe ver , tlic v i deod i sc lins ri 
information stored on it by burnins tiny pits with .t laser on a 
metal master, as the fol lowing diagram indicates : 




The density of the pits is quite extraordinary 
with approx ima te ly 6 50,000 of t hom he i nfi s torcd 
in an area the size of the head of a pin. 

Then, following a procedure similar to tliat used to produce LP 

records, a nickel stamper copy is prepared from the master disc. 

Plastic discs are then replicated from the stamper and are Riven a 

reflective aluminum layer to cTjuble them to be read more easily. 

Then a proiccrivo coatiiit; is placed on top of the videodisc and a 

pro t ec t i ve t rrins pa rent cna t i nj; » which cm carry 1 i j^ii t , is put on the 

bottom of the disc. A laser light, acting as an "optical stylus," 

reads the disc from below. 
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Cross- sect ion of 
disc bcinK rend in 
a videodisc player 




The following'. diai;ram is po>' 
by a laser; 



traynl of a videodisc being read 
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The arrangement of the laser pits that carry the information 
in -the videodisc is dictated by use of the device for a color television 
.. format. The pit information is stored in a series of tracks that have 
the following characteristics: 

(1) Color television still frames (54,000). 'There are 54,000 
tracks on t;he early versions of the videodisc, and each of 
these tracks contains enough information to generate one 
full color television frame. The way the figure was deter- 

I 

mined is as follows. In order to give a semblance of 
motion, color television frames are played at 30 per 
second, and since the design goals for the early discs 
are 30 minutes of television, the rec'ord has 

1 circular track for each color television frame 
X 30 for each second = 30 tracks 
X 60 for each minute « 1,800 tracks 
X 30 for 30 minutes of playinn time « 54,000 total tracks 

(2) Sound (two channels). Also encoded in the pits of each 
track is sound information that allows two different sound 
channels to be stored. They can be played simultaneously to 
prov i de s tereophon ic sound , or one channel at a t ime . Because 
of synchronisation problems the audio is silent when the 
record is being viewed in a still frame, slow motion, or 
reverse order sequence. Thus the audio only functions when 
the record is playing in a normal 30 frame -per-second 

' forward motion sequence. 
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(^) rrairtc nuinhors (SA^OOOJ. Also ciicodcl in cncli r.inck is the 
parti gin ar fr.inic luiinbcf nf that truck. When playinj: the 
vidcoilisc, the user has the option of either displaying 
the number of the frame in the corner of the screen or 
omittiriR it. If the number is omittea. there is no hole in 
the screen. .muI the portion of the picture th.u has been 
overlaid by the nu:nhcr returns to the screen. 
(4) Automat ic stop devices . Information is also encoded on the 
disc which tells ir when to automa t i cn Uy po into a still 
frame mode. As wc shall see later, this can be a very 
use Cul educa t iona 1 dev ice . 
The playnr, as the dianran below indicates, looks like a record 
player with many additional controls on the front panel. 



RELEASE O 



OBJtCTIVE LENS 



— \- ^ILOT LAMPS 




ON - 0 f ' 

5TtLL • 
STILL 

!:low"OJion 

slowmotiqn » 
spcco variation 
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The triangles in the diagram next to the control labels point in the 
direction the control will' be driving the disc read mechanism. 

Videodisc information is read from the disc by shining a laser 
through an objective lens, where it comes in contact with the spinning 
disc and is reflected back through the objective lens, having been 
nodulated by the aluminum coated pits on the underneath side of the 
disc. This modulated signal is amplified and sent to an unused 
channel of the color television set. 

Two important points about the laser need emphasis: 

(1) The objective lens focuses the light beam inside the 
transparent protective coating (carrier). The advantage 
of this inner focus technique is that dust particles, 
fingerprints, and scratches on the outside of the disc's 
protective coating will not be in the plane of focus, and 

^ hence the disc will have a long and accurate . lifetime . 

(2) Similarly, since the laser is acting as an ''optical stylus , " 
there is no physical wear as the disc is read. Thus, 
unlihe an LP record, dust, fingerprints and scratches on 
numerous planes will not degrade the performance of the 
videodisc . 

The controls in the above diagram are almost self explanatory: 
(1) Still . Touching the Still control holds the current frame 
in a still position on the television screen. It accom- 
plishes this by reading the same frame track 30 times a 
second. , 
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(2) Slow motion runs the disc at the speed set by the Speed 
Variation control at some rate "between" the Still frame 
position and the Play (normal speed) setting. 

(3) Fast allows a 3-times normal forward speed to be applied. 

(4) Audio I and II allow for a choice of the audio channels. 

(5) Search allows a rapid search of the disc in either direction. 

(6) The Index key either displays the frame number or omits it. 



The physical characteristics and capabilities have some 
interesting educational implications: 

(1) Automatic frame stop . The normal color motion picture 
presentation will have an important instructional feature 
added by this ability. After an instructional sequence 
using motion pictures, the disc will freeze on a frame 
that begins a formal instructional S'equence which requires 
response from the student. 

{zy Frame numbers . Because each frame has a code number, or 
address, the students will be able to branch rapidly to 
find specific information. In the consumer model'^this will 



with a microprocessors , this address becomes critically 
important since it will allow for automatic interactive 
instruction. If a student responds to a .question improperly, 
the computer will not only process his answer, bu* 'ill be 



Some Educational Implications 
of the Characteristics 
of the Videodisc and Videodisc Player 



be done manually, but when the educational model appears 
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able to go automatically to a preassigned frame number that 
will begin a proper sequence of instruction as feedback to 
the student answer. 
(3) Dual- audio tracks . The audio capabilities will allow the 
student to listen audio in one of three ways: 

(a) in stereo, or 

(b) in any ono of two languages, or 

(c) in an elementary or advanced version in his native 
tongue. 

Thus the student might view the material first in English 
and then a second time in Spanish, or he might hear an 
elementary description first, and then view the same material 
while listening to a more advanced and complex description. 
One version could be for a layman and the other for a 
scientist. Publishers might use the same visual material 
and reserve one sound track for high school students and 
the other for a presentation for advanced college students. 
(4) Adjustable forward and reverse timing . Slow motion (timing) 
sequences will be used by students who want to follow the 
motion continuity of the materials they are viewing at a 
pace they can comprehend. There are some other interesting 
possible uses this timing mechanism, however, because the 
same timing device could also be useful for building timing 
and pacing potential into instruction. Some classes, such 
as reading, might want to pace students in their exercises. 
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Another obvious subject matter area that could use a pacing 
device would be a typing class. 

(5) Manual fast forward and reverse scnrch . At first glance 
these controls seem like a utilitarian necessity, but a 
close analysis of the potential they produce suggests some 
important instructional implications. The fast forward and 
reverse feature will encourage the student to search through 
the disc in a discovery mode. The appeal, and hence 
motivation, that this feature carries with it is most 
impressive. A visual color motion presentation with sound 
is inherently the most interesting to view, but never before 
has a viewer been, able to race through the material and 
pause, by choice, to assimilate or review sections of 
interest. After using this feature for a few moments, a 
user discovers: 

(a) The excitement of visually exploring the unknown in 
color, sound and motion. 

(b) The pleasure of being able to skim past the unwanted. 
Viewers traditionally are held hostages to time when 
viewing movies or television, and the videodisc 
emancipates them from this burden. 

(c) The speed with which the materials can be viewec^. 
This speed of traversing the disc should create an 
enormous market for new materials. 

(6) Still frame . Conversely, the still frame device will lead 
to a much more profound depth of learning than television 
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or movies currently allow because this characteristic 
encourages the viewer to focus and dwell on discrete 
units. Obviously, freezing a single frame from a motion 
sequence allows a more careful looh at a detail, but the 
real significance of the still frame will follow from its 
ability to allow supplementary material to be added to the 
motion sequences in graphic and textual formats. 

The addition of these graphic and text slides is signifi- 
cant because they allow an extraordinary in-depth treatment 
to be made for any subject that has been portrayed during 
the motion sequence. In ten seconds of viewing time of a 
motion picture, a' commentator cannot describe a great deal 
to the viewer. Those same ten seconds can support 300 
individually different slides full of specially constructed 
graphics and prose materials to lead the viewer through a 
complex learning experience which describes in great detail 
the implications of what the viewer has seen during the 
motion sequence . 

One of the interesting lessons the still frame device is 
teaching the first authoring teams about the motion picture 
sequence is how inherently poor an instructional device a 
motion picture can be. A picture may be worth a thousand 
words, but there is no way for a commentator to offer even 
a fraction of the information the viewer needs to understand 
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what he is viewing to any profound degree. In fact, 
motion picture and television technology have provided an 
extremely unbalanced teaching mechanism.' Visual material 
has stunning import and potential, but because of the time 
restrictions, the verbal commentary tends to be extremely 
superficial . 

Another way of describing the contribution of the still 
frame capability is to say that it will allow a motion 
picture sequence to have thousands of pages of interactive 
textual material and graphics to be added to it. In fact, 
• as the authors design and write the individual frames to 
complement the powerful motion picture sequences, they 
bomraent that .they feel as if they are writing chapters of 
a book around various motion picture sequences. 
(7) Chapter stop . The chapter stop is a fast forward or reverse 
tab key that goes rapidly to v^i-designated locations in the 
videodisc that may be thought of as chapters. Obviously 
such a capability will allow an index to be used to help 
move a reader about the disc with great efficiency. But 
it will also encou- ige the use of glossaries, ir.nor diction- 
aries, and reference sections. Thus some features of the 
book will be added to the disc. 
(8) Adding audio capabilitie s to <;till frame formats. After 
the development of the consumer manual model, and the 
subsequent construction of the educational model with the 



53,; 



530 



microprocessor, a third logical evolutionary capability 
will probably involve the addition of ,.udio capabilities 
with still frame formats. If the information stored by 
the pits in the tracks is reserved for audio alone instead 
of also including the television information, then each 
track of the videodisc could store about 10 seconds of 
speech. One way of using this capability might be to 
reserve an audio track after each still frame where 10 
seconds of speech would be useful. Pushed to its raaximum 
in using this strategy (reserving every other track for 
audio), the capacity of the disc would drop to 27,000 
still frar.es, but would now include 75 hours of audio that 
could be played during still frame presentations. Such u 
disc could mix regular motion picture presentations with 
the still frame commentary- One obvious use of such a 
disc would be to have, a talking encyclopedia presentation. 

Ultimately, authors will view the videodisc's capabilities 
as a series of options that they will use in terms of their 
particular instructional needs. The basic unit will be the 
individual track which will be used in one of three ways 
in re la ti on to different time requiremen ts : 

(a) In a normal motion picture sequence with audio where 
30 frames (tracks) per second will be used, 

(b) In a still frane mode where any one of 54,000 frames 
(tracks) can be addressed and held in a frozen 
position for as long as desired. 
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(c) In a still frame audio mode where tracks will be 

sacrificed to give audio capabilities to still frame 
presentations at the rate of 10 seconds of audio per 
track, 

(9) The use of movies and television tapes that have already 
been develope d,^ There is an enormous body of tapes and 
movies previously developed for education or with 
educational potential. By adding interactive instructional 
frames to these materials, educators will be able to draw 
upon millions of dollars' worth of materials that have 
already been produced. Publisher. ...il be able to upgrade 
instructional movies, television networks will be able to 
draw on their existing materials (including videotape news 
presentations) , and commercial filmmakers will be able to 
offer some of theirs. 

(10) Productivity . Perhaps the most impressive contribution of 
the videodisc as if is coupled with the microprocessor will 
be its dramatic increase in learning productivity (the 

' productivity of the learner instead of the teacher). In 
the first section of the paper this point was touched on, 
but the point is so important that it needs amplification. 
Using a videodisc with an interactive keyboard, the student's 
productivity will soar because: 

(a) He can interact with the material at a time of his own 
choosing. Hr. will be able to go to those sections of 
the material which he chooses to work with at that 
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mument, and if he has problems he will be able to review 
the materials, with excellent interactive instruction. 
The material that is presented to him will be'exactly 
at the appropriate level for his individual needs, and 
should he choose he can explore -aspects of it in great 
depth. As he doe5 interact with the material he will 
have numerous trials at mastering it with Immediate 
feedback as to how he is doing with each trial. 
Cb) As we move beyond the domain of the /oung learner, the 
videodisc will save enormous amounts of travel time for 
the adults who must now commute to centers of learning 
with the attendant cost in time, money and energy. 

(c) The videodisc will also help employees get on-th^-job 
training without having to drop out of the work force 
for protracted periods bc distant company training 
sites. An interactive videodisc station could exhaust 
a learner with one to two hours of daily training that 
would require just a portion of the working day. Thus 
the learner could basically stay on the job while still 
receiving excellent training with a minimum of productive 
and social disruptions. 

(d) Anoth^t productive use of the videodisc will be its use 
by workers and-students to help refresh them and retain 
the skills that thev have just r.astered in previous 
training. Fr^: ^uently an enormous investment in time 
and finance is required to t ra in .sornccre . and then when 



533 

he goes back to the work force or ends a semester he 
quickly begins to lose the knowledge he has mastered. 
Short interactive sessions with the videodisc will be 
an excellent way to help the learner retain, and inde 

enhance, the original learning experience, 
(e) The videodisc stations will also be an excellent way 

for handicapped workers to receive instruction updati 

their skill or knowledge areas. 
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STATEMENT OF DTJSTIN H. HEUSTON, CHAIRMAN, WORLD 
INSTITTJTE rOR COMPUTER-ASSISTED TEACHING 

Mr. Heuston. Thank you. 

The videodisc looks vory much like a home record player, and will 
connect to a color television set. It will probably be the most revolu- 
tionary educational device for the rest of this century, because it has 
a great many advantages. I'd like to call your attention to them, since 
it will have so much of an impact, in terms of potential for education. 

If you look inside the brochure that has been distributed, you will 
see that the videodisc looks like an LP record. It stores, basically, 
50,000. color frames. It works the way a television set works; it runs 
'30 frames a second past the screen. Therefore, you're going to have 
about 30 minutes of television if you put a single videodisc record on, 
and you'll see it playing on the player. 

You can label those 54,000 individual frames from the videodisc, 
and you can address any one of those frames and stop it on the screen. 
^ So, by simply touching a button, you can pull any oi>e of 54,000 frames 
to the screen and have it freeze. You cannot do this with television. 

Second, you can randomly access any one of thu frames very quickly. 
We'll be able to do this with a computerized model shortly, so the 
student would be able to take instruetion on a terminal, be asked a 
question, respond, and the eomputor will 'ealcnlato, imuiediately go 
to the videodisc, foed on the television .screen an answer, talk to the 
.student, respond, and give liiui interactive instruction. 

Now, the reason this iA so' pownrfql an^T so important is that it's 
going to combine the throe most powerful technologies that have ever 
been used in education. The first, and most familiar that we've been 
using for 500 years, is tlir function of the printing pross and the book. 
The book stores 'information, is very portable, and inexpensive. 

The second groat liopo wo have in toruis of technology was with 
television. Wo had hoped that television would be able to be of great 
service to our Nation, and we put a great deal of money in educational 
television. 

On page 0 of tlie repoi-t I've given you is a chart which you might 
want to look at lator. T don't want(^to take you tliroufrli it in any great 
detail. It discus.sps the differences between the book, television, and 
the computer. These are the threo technologies, that are the nmst 
significant. Each has strengths and weaknessos. 

The book, of course, is inexpensive, and it's portable, and it's avail- 
able, hiirhlv replicable, and therefore, very helpful. 

Television's awesome impact is that you can get it to people's 
homes or chi-srooms. It has color, sound, and motion, which is very 
useful — a hook does not. It can use plot and characterijsation ; people 
can identify with this. If we- turned the lights out, turned the tele- 
vision set on, yon would all become mesmerized in relation to my 
talking t ;;ou, or handing you a book or a pamphlet to look at. 

We're raising a generation of people who absolutely are locked on 
television. As you know, Tm suie, from statistics, the average student 
by his midteens has seen more television than'he has spent time in 
school— about; 1,000 hours a year of television. Therefore, we're 
raising primarily a visual generation. 
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T/hprr OTP somr pxtraorflinarv wraknnssos to tnlnvision as an 
odiicational format. In tnrms of Iramor prodnctivity, it's a- disastnr. 
A student has to sit and wait for thr information to ccmn throiiG:h in 
snrial srqiiencp. Thry cannot stop it. thry cannot intnract with it, 
and tliprrforn thny l)nromn vrr}' jmssivp. Tt cannot frivn trials to tho 
student, cannot freeze a framed and lias limited depth of instruction 
in terms of what a narrator is saying. Therefore, it's very poor for 
loaminp: productivity. 

Computer productivity is outstandinp:. It has random accessihility. 
It can ask a student a qricstion; the student responds. The computer 
calculates, feeds hack an answer immediately, and start.s pidlin^fr the 
student into some fierce interactivity. By fretting this, the student 
gets the trial necessaiy to learn the information. 

We all nerd trials to master. A slow learner may need 50 trials; 
a fast learner may do it in 3. ^Ye liavr to. ourselves, hecome actively 
involved, as Dr. Papcrt has just pointed out. Therefore, television 
has in a sense failed. 

The computer 'was mufh stronger. But the computer output format 
is a disaster in temns of emotional excitement. It's simply print on 
the screen, or print on a paper. So, compared to the excitement of a 
television or movie fonnat, the sound, motion, et cetera, the tele- - 
vision is far more vahiahle. 

Now, what the videodisc will do l)asically is to combine these three 
in one device. You will he ahie to be taking instruction with, say, 8-, 
4-. or 5-minute b\u*sts of a movie, with a narrator talking about it. 
Then the videodisc will stop and the user will start an instructional 
sequence by using special keys. . , . 

If* for example, to give you an idea of the power of that information 
we'll be able to use here, by taking out 10 seconds of a half hour 
production, we'll be able to insert 300 individual still frames in color, 
with excellent learning theory behind it, nnd with special keys to take 
students through it. So we will be able to salvage th*^ power of the 
television ]iroduction, ^vith color, soimd, and motion; then it will 
freeze, and the user can go into a very interactive instnictional formlit 
with drilHng practice. ^ . 

The second generation viflectdisc will 'have a coYuputer built insrde 
so as the student responds, the answer will be processed automatically. 
Tluue will be autonuitic fecflback. The student will be given responses 
back ])reflif!ated on their i)revious trials. It will be an ideal instrument. 

Now, there are some other aspects to this which are very exciting. 
A record will cost nboiit 50 cents to*make. Tt will not we'ar out, be- 
cause it's read bv a laser beam. Therefore, we, will be able to distribute 
in irreat fpuuitities these flisks througliout the country. 

The consumer moflel player, which will be on the market a year 
from now, will play up to one hour with one-hnlf hour on each side. Tt 
will be played manually. Tt will not have the computer. Tt should 
retail in the neigliborhood of $500. Thev will he selling records for 
maybe $10 or $15, whiclvwill bo able to flood the schools, homes, and 
wherever people want ins'fructiou in this foruuit. 
. That's the general description of the vifleoflisc. 

We have been workir^g on the flrsf. educational vifleodisc for the 
McGraw-Hill Co., aiul have been terribly impressed by the process 
of putting this together, because it was onJy through doing this that 
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we discovered tluit \v(; wore hiisindlv i)utting: the book back nn:ht into 
the possibiHty of n movie. We found, in nnnlyzuip; nn outstnndnig 
movie that was MeGnnv-Hill's best s(:i(Mice seller, tluit the instruc- 
tional theorv in a movie such as that has to be very hniited. 

It turns out vou're puttinjj: an ima^o on the screen with a tolerance 
time that n student can look at it, and a narrator talks about that 
imaa:e. The narrator then sets the level, the lan<:ua<xc, the cultural 
feelin<ics, and <z:ives von the information. In 10 seconds of narration 
you cannot sav verv nuich. Subtnict 10 seconds and you can put 300 
still frames in.' It's I'ike puttiiijr a hook ri^rlit in to back up what you've 
been seeingr. It's an astonishin[r combination. 

'I'herefore, we see that we're frolnp; to have a very movin^r oppor- 
tunit V in the future. Now, the videodisc, as it stands in the first model, 
will take two sound tracks; so you could have an En^rlish ver.sion and a 
Spanish version, or a French version. You could atso, with careful 
instructional theorv, make a videodisc almost culturally blind and 
just in.sert vour sound. Both tracks may be in Enohsh. (3ne could be 
an elementary school description of what you're looking;: at; the other 
mi<:lit he a collef^e (lescri|)tion. 

Now, (luestions on it? , • , 

. Mr. Ivn.nEE. Mr. lieuston, you talked of working; with McUraw- 
Hill and utilizing: this for education. 

Have you had any evaluations of utilizinjr this for educating the 
handicai)ped, as such? • , , , • c 

Mr. IIkuston. No. I put in my report that it's an ideal device tor 
the handicapped, because it touches on so many senses. And, since it 
will have the computer ability, you will he able to use this m a number 

of areas. , , , 

For e'xample, the comi)uter caimot store very nuich sound as a rule 
because it rcfpiires difrital breakup and storaire on a disk. ThQrefore, 
vou suddenlv have a sound capability with the videodisc. 
' [f you talked to somebody involved with workinp; with the handi- 
capped, one of the central jiroblems is how many of the senses the 
device can cover. The videodisc will cover the maximum amount of 
senses, and therefore it has that remarkable potential. 
,^lr. Kildp:e. Contri-essnian Miller? 

Mr. Mn.i.ER. No questions. - 

Dr. SwANSOX. Mr. Chairman 

Mr. Ku.OEK. Yes? 

Dr. SwAN.soN. We've heard other testimony, Mr. lieuston, ami 
we're aware of casso,ttes and videotape recorders. 

How do you assess the |)erforniance capacity of this system, especi- 
ally in terms of mass marketin^x of the videodisc versus video cassettes 
wliich are already on the market? 

Mr. Heu.ston. It will probably be somewhat like the (litierence 
between buyin<: lin LP record and'buyin<: a tape cassette. You'll have 

an option. . , . i i ■ 

But the trouble with the tape cassette is that it cannot randomly 

access sections easily. It ciumot freo/e frames. .Vnd it's restricted to 

a*:ain, the verbal conunent. 

Dr. Swanson. But the videodisc has instructional advantages, 

whereas the tape cassette has entertainment advantages injv sense. 
Will there be a te/dinology where you can videodiscs programs right 

ofT TV? 



' Mr. Heuston. No. You will not probably in the near future be 
able to take a TV program off and ])Ut it on a videochsc. 
Dr. SwANSON. Is that in the future at all possible? 
Mrf Heuston. It depends on the laser technology, i hey have to 
bum it en metal now. They actually put pits on metal, and it would 
be hard to erase that and they re-do it. But, of course, in the ad- 
vanced labs they^re working on problems such as this. 
^ Dr. SwANsoN. Ok. Thank you. 

\ Mr. KiLDEE Any other questions? , , . i t • 

\Mr. WELLS.-One general question Dr. Papert raised, which i might 
address to the witnesses, if they wished to comment, and that is: 
Instead of looking at these individual problems as discrete problems, 
and you come up with a discrete piece of equipment for that particular 
problem, that perhaps we should be thinking in terms of some con- 
ceptual framework of education that is not solely confined to the 
handicapped but is generally useful, and therefore you can then move 
to the kinds of mass production which will solve the high-cost problems 
which are\so associated with these very fragmented markets that each 
of you have told us about. . i • ^ + 

Mr Heuston. In my report I address that. One of the ?niportant 
points is the phrase used in the industiy, technically called a learning 
curve: Every time you double the production of an item its price 
drops 28 percent, so that, as your hardware increases in volume, the 
price relentlessly goes down. . , , • c 

If some work is done right now with the videodisc and m some ot. 
these new areas, the manufacturers are still in a state of flux m terms 
of setting standards for interfaces and how to work with it. 

If they wait, until the consumer market alone dictates what the 
standards are, then they will not be very modifiable in a year or two 
- from now, when people start using them. Once, manufacturers are at 
a high-volume production, one then has a very difficult time modifying 

anything. r ir n 

Mr. Wells. I was thinking, ]ust in terms of myself personally, 
Ms Gillsepie, the Optacon user— with the massive amount of material 
which I personally have to read each day, I would very frequently 
love to close my eves and just simply not— I mean continue reading- 
but not have to end up blearv-oyed at the end of the day. And whether 
this kind of a use would have application throughout society, rather 
than simply for the blind. 

Mr. Heuston. Yes. . t u- i 

Mr. KuRzwEiL. With respect to Dr. Papert's testimony, 1 think 
there are some very specific communication problems that different 
handicap populations have that have to be addressed with specific 
devices, otherwise handicapped persons just aren't going to be able 
to compete in any way. . i u • n 

'Particularly, we're interested in mainstreaming deaf and physically 
handicapped and blind children in the ordinary classrooms; they re 
going to have to be able to read the same text with the same facility; 
they're going to have to be able to understand what the teacher says; 
ami they're going to have to be able to prepare written reports. These. 
' are very specific problems which have to be broken down and addressed 
individually. ^ , ' , u 

I think there is a way that this type of technology; despite the 
limited market— and it's really not as limited as you might think; 
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but it is more limited tlinii the fjeneral consumer market — that can 
be adchessecl by using computer te(:hnolo<;y as much as possil)le. 

What we're doing and what otlior researchers are <loing: in this area 
is applying tlic advances which are being used by all consumer prod- 
ucts in our particular applications, and as new computers come out 
that only cost a few Imndml dollar-s, and as powerful as the $50,000 
computers that existed 5 years ago, we can take advantage of those in 
our device and pass that cost savings on to the handicapped consumer. 

So products for the handicapped, even though they're produced in 
smaller volume, definitely do take ad\antage of this revolution in 
computer component fabrication techniques. 

Mr. Wells. Thank you. 

Mr. KiLDEE. Mr. Vanderheiden? 

Mr. Vandeiuikiden. Also, a. lot of the interfaces and special tech- 
niques we're talking about are aids to interfacing or allowing the 
inclividuals with specific severe handicaps to use materials that are 
normally used by the general population for education. 

So, in trying to develoj) this gontM'al nnxh^l for education, we need 
to bring the individuals with severe si)eeiiic handicaps to a common 
ground so that they are able to use the same materials others use. 
And this, again, can reduce th(» eost of (Mlucation to special individuals. 
If you (;an allow them to overcome their specific handicai')s to the 
point where they can begin using tin* materials that everyone else 
d(;os, we can' run a more unilitMl program, such as that. 

Mr. Kn.DKK. Mr. Houston, would you like to resj)ond? 

Mr. IIeusto.v. V(^s. 1 want to make a recommemlation if T might — 
and I'd like to hear wbat Dr. Pnpert feels too, b(M:ause he's been 
involved in this area a long time. 

As 1 review the (^rrors of ihe past, it se(Mns to m(^ that the single 
most blaring om^ is the way tln^ ag(MUti(^s ar(^ now so constituted in a 
com|)etitive bidding se(juen('(\ and an^ not going o\it conunercually to 
nuirket, but say f(ir proj(H-ts for XSK, or NIK, or something like this. 
VV^e're ending up with a nudtitu(l(^ of small Lcrou[)s of peojjle getting 
$100,000 grants, $50,000 grants, et cetera. 

lli<^h tecbn{)logy HMjuires a high minimum mass of cajjital in a 
sustained position f()r a long tim(\ 

it seems to me that the ordy way that you'll really make the quan- 
tum leap necessary to inqjiement th(^ technology and its potential 
|)rop(M*ly is to produr*(^ a number of c(»nters wIkm'c you're going to have 
n $2 to $.*^) million minimal amount of capital [)er year available to 
those centers, whatever they're specializing in— a center for artificial 
intelligence, and the kind of work that Dr. PajxTt's doing; a center 
for working with th(^ vid(H)(lisc: a (tenter for working with the handi- 
eaj)|)ed ;, interface in special |)roblems; or standard computers. 

But if we (h)n't get tlu^ cajutal to minimal amounts then we're 
s(piandering, in a sense, lots of t(Mnus of peo[)lo who are just trying 
to keep alive, and uruible to do the project, jjroperly. 

If you look for e\am|)les where it works in society, if you look at 
technology and weighting it with ()rol)lems, you come to such things 
as the Manhattan |)roject, NASA, channel i:^), and (-TW C'hildren'.s 
Theater Workshoj), et cetera. Always tli(\v have to pull out of a formal 
academic structure, set u|) an indei)endent organization, and have 
firm funding for a number of years at a high enough level. You have 
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to collect engineers, technicians, sj)ccialists, and learning psychologists 
specialists. \on have Lo have all kinds of people involved. 

I'm not an advocate of setting up a si)ecial agency. I think the 
Government has adequate structures In position. 

You have the NIE, the NSF, you ha\-G a number of outstanding 
organizations ^vith excellent civil service personnel wiio liave been' 
working for a number of years for the technology. But tiiey-re all 
handicapped now because tiiey'i'c not given a bndget, which allows 
them the opportunity to work wit! i a high.enough minimum nuiss. 

1 tiiink tiuit 's probably my single most concern. 

Mr. KuRZWEiL. 1 tiiink 1 could comment on that. The one agency 
that we've worked liie most closely witii is the Bureau of Education 
for the Handicapped. 

Despite the fairly limited resources they have available f()v research, 
they have taken this attitude of providing minimum critical mass 
needed to get projects oil' the ground. They have done that with our 
project. There \^ been about ?2 niillion in funding over the pa.st year. 
They Ve done tliat with such projects as the Optacon, of trying out the 
smaller grants to try out a wide variety of projects and see wiiat team 
seems feasiide, wiildi ones are responded to positively by the field, 
and tiien tiu'se projects are carried through with c'nougii critical mass 
to get tiicm out into the field and become viable and self-sust^iining- 
projeets. 

Mr, Kir^DEK. Mr. Vauderheiden ? 

Mr. V.vxoKuniUDKX. Also, at least in the field we've been working 
in, we/ve found thnt a lot of the really good work has come from, 
smaller groups. Again, they need to he interdisciplinary and have the 
critical inass.= 

But I think the model whereby you provide funding to groups 
.smaller amounts of funding for shorter ])eriods of >ime, and then, when 
a good idea, comes out, tlum you can \)\rr '-de hirger^funding to back 
it up, to try and. carry it through, is tl-" Ik tter inodel. Then it takes a 
fair amount of muscle to get technology renlly applied. i, 

But T would disagree with the idea of setting up large centers to do 
the re.search in an area. Ksseiuiullv, T think tiiat most of the really 
frood work is done bv peoj^le v.-]io in kind of a ".scrappy" situation. 

And I also believe that you r;. ( ever collect in one area a large 
mass of all the best minds. You got too many of them too close together 
and vou get a supercritical mass, and it blows :i|)art. 

kSo you sort of go around funding gi'oups 1 flunk on projects and 
moviiig monev around to the iiuiovation. and then providing the large 
funding to follow through o:i siKM-ific ]>rojects that are proven. 

Even good people come uo witlt a lot of l)ad ideas, and T think 
lartre gro^ips that stav iironntl for a loiig time have ])robleTus that way. 

Mr.lfCiLDKK. Dr.Pai^ert? 

Dr. P.APKUT. T think this is a very serious pomt. and it will he territ)le 
to have a situation where the small guy with a simple idea can't get 
fundi ns: for it. 

Nevertheless, T disagree radically with the statements that were 
made hv the last two speakers. T think it is true— T think it's very 
true that the best things, tlie best work, comos from people with 
scrappy resources starting on a small scale, bat that's because of ^he 
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way things liiv, up, that you cjui only t2;et scrappy resources to work 
on a sniall scale, on certain kinds of j)rojejas. 

I think the emphasis has to be on certain kinds of projects. You see, 
I don't — [ a^rce some things can be done like that, and some things 
shouhl be done. However, 1 think that the funding policy determines 
very greatly and in an ill-considered way wlijch projects are going to 
he done and which directions research is t2:o;ing to go in; and in par- 
tieular, it determines it in a way which is strongly biased towaid 
what [ was calling local and incremental as opposed to global and 
hoUstic changes in the educational system. 

And, if I may, Td just like to just throw at you some images, some 
metaphors, for that point. 

First of all, looknig at that technology around there — like the 
metaphor J useil Ust time, in tliih report— I said the way a lot of 
funding is done it's like trying to jump over a o,()00-foot canyon by 
lin !ig up .S,()(U) people, cacdi of whom can jump one foot, and saving 
jump. 1 think to get to the Moon we have gotten 250,000 people, which 
is just about enough, and said jump, and each one would jump 1 foot, 
and it all added up to the distance to the moon. We wouldn't get there. 

1 thiid< another- if you look at the history of technology, there are 
many such examples. You did not go from' the ox cart to the auto- 
mobile to the first airphine- to the jet pUine,, by taking the ongoing 
system ami improving a part of it. 

No\y, 1 think soinc of the very good work on e(lu(;ation and on 
education for handicapped is of such a nature that it's an improve- 
inent in oiu* part. [ think that concept of Optacon, a reading machine, 
is a beautiful classic example* of a cast; where yuu can take the system 
as it is and you can produce an improvement, by making a discrete 
object that fits into it. And it's fantastic, and we ought to do that. 

But the datiger is for us to be locked into only doing those projects 
which can be formulated as local improvements t o produce incremental, 
measurable improvements, *o the ongoing system. Not all changes 
are of that .son. 

TIh^ jet. engine would have- Uvon ruled umI if it had been proposed 
to add it to the A\'right Hrolhers' airplane to show how it improved 
the Hying: it would have destroyed the phuu*. and there would have 
been no ini{)rovement. and by all usual validation and evaluation tecli- 
nicjues it would ha\'e decided that jet engines are a disast(M- — ])esides 
which t!iey'i*e {»x))(»nsi ve, besi(|(»s you can't disseniinale them, ])esides 
nobody Icnows how to use I hem. 

Mr. Ki KzwKin. Mut the j{»t (Migine is a very specific device with a 
sptHufic goal, and T think you're ndslaken lhat,thes(» critical mas.ses 
have not bei^n provided. They hsive been, and grou[)s hav(» })een put 
tog(»th(M- at our laboratories and at other lai)oratories. 

[)r. ]\\ei:irr. AVeli. F Ihiidc 

Mv. KrnzwKir. Where a lot of vei-\' bright pe()ple have ])eeii put 
tog(»th(u- with the nec(»ssary skills and harnessed to solve a particular 
problem. 

[)r. P.\iM;irr.J'd Ilk* 

Afr. Ki nzwr.iL. To develop a wholly nt^w approach to the proi)lem, 
like Jf-jt'l (Migine 

Dr. Papkih*. If I could just connnent on that. I wasn't — F didn't 
introduce the critical mass. Somebodv els(» did. And I made a different 

/ 
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(listinctioii hotwocn low-f'ost iind ^Muhal, 'hetwoon incremontrtl and 

holistic. ' . r t 1 • 1 

[t's not n question of ii sum of nionoy; it's a (|U(»stioii of tlu' kuid 
of rcdositn^i of a system that we're talkin^^ about. I don't — you see, 
I don't — let me sav it uf^aiii by another e.xample: The j)r()Weni couhl 
he formulated like 'this, how can we mainstream, say, the blind people 
into the current, school systems as they are? Now, I find what's 
schizophrenic about that-^of cours(\ from the jjoint of view of the 
individual blind person. <!:iven the schools as they are now and the 
worki as It is now, that's what he needs to be mainstreamed into that. 
And to sav he doo>n't need that would.be criminal. 

On the other hand, I believe that schools us they ani that main- 
stream vou're <:oln<: to nuunstream into luis i^ot maybe 5 or 10 years 
to survive at the most. The j)res(Uice of the computer by the end of 
this decade is y:oiiv^ to so transform the whole educational process, 
mavbe even shiftin^^ it from the schools into the homes, that that 
thin^r vouM like to nuiinstroam it into won't exist any more. 

So there's something: paradoxical about usinj; the com|)iiter to 
mainstream somebody into a kind of echication which the computer 
is about to mainstream out of e.xistenc^e. 

Mr. Ivt'uzwEii.. You're ^ , , 

Dr. Fapkict. And J think it's this kind of thinkin^r that 1 hnd 
holistically desi^rncd, and it's this kind of tliinkin'r that the system 
is naturally stron-^rly bia>e<l ai^ainst. 

Mr. IvT'KZWL!!.. Yoifre not 

Dr, P.-vPKRT. It's not merely a matter of 

Mr. KuKZWEiL. Vou're not ramiliar with the principal problems 

that . ^ . ^ 

Mr. KiLOEE. I think we [vrobabiy rcco^rnixe the two points of 
view here, and I don", think we'll probably settle it today at the 
committee nieetint:. 

I will pcrsonallv remain open. I can punt by saying we 11 keej) 
thin^^s in a dual track an(t thinjzs like; that with you both, but I don't 
think we'll prohablv settle it by debate at this point. 

The stafV is always available, too, for receivin'r attitudes and 
information and pr)ints of view on this. 

I think Mr Clalla<j:lier has a (piesl ion. 

Mr. Gallagiieu. Tluuik you, Mr. < Isairman. 

Mr. Ileuston, as I understand it, lliere are two basic systems: 
That is the system vviiich is school-oriented, and then the TICCIT 
system whicli lends itself to liome-orientcfd ; there's more student 
control, more user control. 

Mr. Hei.-ston, That's riudit. 

NIr. CiAKLAGUEK. The other system is cominij; in Irom a central 
compute?*. 

Well, what I'm leadin^^ up to is the feelin^^ of the teacher, <;iven 
teacher, on both svstems. Initially there was a teacher resistance 
for PLATO i.Mit now they're livin^:* within the system. All ri^dU. 

Now you have thi^ new innovation, and as Dr. Papert said, this 
may alTend in the honic and make the school system obsolete. 
How do teachers feel about a system now used at, home, very soj)his- 
ticated, which comes up with' answers— not the j)hysical sciences, 
c^ocial— which are reallv in conflict with what they're teachin^^ at 
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school? So when a child pjoes hoiue at night he's got his regular home- 
work to do, and then he turns on those machines and he's getting 
input from them. He goes back the next day and he's contradicting 
what the teacher is putting out because he has another teacher, so 
to speak, at home. 

Well, how does the teaching comnninity fee! about your system, 
assistant system? 

Mr. Heuston. Well, the teacher community will get used to any- 
thing that will help them. And, I think, probably the way to enter 
with materials like this is to choose areas where the teachers are 
being overloaded with too much work. 

What a computer basically does in a million instructions a second 
is give you the abilitv to do an aw^ful lot more work. So the teacher 
would be backed up with interactive help. 

People have learned the hard way for the past 15 years. There 
have been 15 years of extensive probes into the educational system, 
and a great deal has been learned. And one of the lessons learned in 
how you can help the teacher is not to start hy just .saying, "I'm 
going to replace you." 

I think the technology' can come onstream slowly and to schools, 
helping the teacher in key areas. The younger faculty will get excited 
about it; they'll begin to look to do more things with it. They'll go in 
the direction that Dr. Papert pointed out. They'll have much different 
relationships with the students and the technology and themselves, 
and then, gradually, it will infiltrulo into the .system and be used 
properly. 

Mr. G.\LLAGHER. One followup on that. 
Mr. Heusto.v. Yes? 

Mr. G.\LL.\GHEu. Why is it, .*^ince you're reaching sort of the break- 
through point, why is it the companies are j)ulling out? For example, 
textbook manufacturers are no longer interested. NSF I understand 
it no longer funds either PLATO or 

Mr. Heuston'. Yes. Well, what happens is that it's a cyclical affair 
and people that bet on something sustain all their pohtical capital 
in the interim, and there's always a counterattack. To break TICCIT 
and PLATO out of NSF took huge percentages of their funds, so.that 
everybody else was pushed out. Jt was left without for a period, and 
then tho.se envolved ganged up and came running back in. 

If you havaa fixed amount of capital in a competing kind of organi- 
zation, you can sustain a piece of the capital for awhile and then they 
will come shooting hack in from another direction. 

But TICCIT and PLATO are very much out right now. But there'll , ' 
be a turnaround again, and some more big system approaches will 
come back in. 

But it's really vrry inefFiciont because at the ver}' point that TIC 
CIT and PLATO luivo learned how to do their lessons, all the funding 
was withdrawn becau.se of the political problems. 

Mr. Gallagher. Tliank you. 

Mr. Kildee. All right. Thank you very much. 

Thank you all of you for your attendance and your Ipstimony here 
this mornuig. I personally have been impressed hy both the testimony 
and the flemonstrations, some of which I've .seen before; and they 
do give me personally a sense of hoj)e for breakthroughs for the 
handicapped. 

54i. 



543 



I speak only for myself, but I feel the Federal Government has an 
obligation to help make these and other devices possible and also 
avaflable to those that' they can help. 

I thank all of you. 

The room tvill be open and available this afternoon, and people \nU 
be dropping by. I want to thank you for that also. 
At this point we'll stand adjourned. 

[The hearing in the above-entitled matt^,; was adjourned at 12:50 
p.m.] 



COMPUTERS AND THE LEARNING SOCIETY 



THUBSDAY, OCTOBER 27, 1977 

House of REPRESENTxVnvES, Committee on Science 
and technology, subcommittee on domestic and 
International Scientific Pi^vnning, Analysis and 
Cooperation, 

Washington^ D,C. 

The subcommittee met, pursuant to adjournment, at 10:05 a.in., 
in room 232iv^iayburn House Office Builclinfi:, Hon. James H. Scheuer 
(chairman of the subcommittee), presiding. 

Mr. Scheuer. The subcommittee known as DISPAC of the Com- 
-initt^c on Science and Technolo^^ will now come to order. Today is 
the last day of our hearine:s on computers and the leamins; society. 
We have had computer firms here who have sho\vn us computer- 
managed instruction and coniputcr-a.ssistcd instruction. 

We have heard form public officials about the research trends. We 
have heard the agency views and their applications of technology to 
the learning needs of tho handicapped. And we are turninfj today to 
the speciaf problems posed for educators by the gifted child on the 
one hand and the disadvantaged child on the other. 

We are going to try to enlarge our knowledge on how these two 
groups at the nether ends of the education spectrum can benefit 
from the application of the computer to their learning programs. 

In the past decade or so we liave invested large amounts of money 
in learning programs for the disadvantaged, literally billions of dollars 
under titles I and IH of the Elementary and Secondary Education 
Act. r had the privilege and honor of serving on the Education and 
Labor Committee for 8 years. That S years was a very enriching ex- 
perience and I suppose we have learned a few things from titles I 
and III about how to zero in on tiie learning problems of the dis- 
advantaged. But there is still a great deal we do not know. 

This is demonstrated by the repeated stories in the newspapers 
about how learning scores are dropping and about how the kids of 
New York City are as much as 2 years behind grade level. The court 
could take judicial notice of the fact that a large percentao;e of young 
people who graduate from high school are, in effect, functionally 
illiterate. They do not have reading and writing as everyday tools 
of life. 

How this could be is something I don't understand. One hundred 
years ago we were doing better than that, or 50 years ago they were 
doing better than that. When I was a kid, the kids graduated from 
high school and they could read and they could write and how we 
could have come to the state we are in now baffles my understanding. 
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So thcrt' is ji <;n'Ml deal Unit mn \)v iiccoinpHsliod. The business of 
rjiisiug fiuictloiuilly efrective jX'oph* who ciiu perfonii in )i society that 
is incrcasiiifjly (Icmandinfr hjtrhor iitid hifi;h(»r levels of sophisticated - 
skills is an iihsohite niust for this Coiijicn^ss and for our society. 

On the other hand, it seems to me that we have far too lonir netrlectcd 
th(» educational needs of our IGC's — the intellectually j^ifted children. 
Not many years a<r<> I \vas in Kussin. I spcuit January of 1972 in 
Novosibirsk at the sj)eeial facility for the «;ifted. This is tlie center of 
jjostdoetoral studies in the Soviet Union where younp: people from all 
over the Soviet come for their postdoctoral studies. And those kids 
are Identified 20 years before, at least 20 years before, in schools at 
a^e 4 and 5 and G and 7. 

When an (\\cepti()nali y talented younj^ster is identified in the Soviet 
Union lie or she can idniost be assured that two decades later they 
will be studyin^: for their |)()std()ctoral (let:r(»(» in what(»ver field tl-eir 
talents lead them, soni(»wh(Te in the Soviet Union. 

There is mueli in the Soviet education system that is not relevant to 
us and n:ucu that wc don't consider superior to us. There are many 
ways in wlucdi tlu»v lajz: Ixdiind us, but let's fac(^ it, in some areas they 
are out j)erforminj^ us. One of tln^ areas in which they are outperforming 
us in a spectacular way is their identification of trifled children and the 
r(»sources they lavish n[)on tluMu. 

I dare say that in the future one of the thins^s we have to do in a 
soci(»ty where we are becornii^i: increasinixlx' convinecul tliat we have 
finite r(*sources and that there ar(^ no free lunches and where there are 
finite resources in fli(» public and [)rivate sector and a pie that cannot 
b(i very nmcli (^dar^zed — tlicr(» is a iinitf* (^lucation j)i(*. Education has 
to comi)(*t(* iifrainst a lot of other thintrs for r(»soun:es. 

In our education systcun wr- have to aclh(»v(» souk* kind of more 
sopliisticated d(*cisi(nnnakinfx on how we alhu-atc! resources. We have 
put several billion dollars \)cv yvnv into the education of our disadvan- 
tat:(*d children. How can we do it better is one question we have to 
ask and tli(»n W(» have to ask another i)ainfnl (piestion and this is: 
From liie point of view of our society at what j)oint do we stop [:)onring 
thousands and tlioti>ands of dollars j)er year i)er child into the educa- 
tion of a child who scmmiis to resist tin* learninj^ process? At what point 
do we say as a soci(*ly we have sj)enl $2,ol)() or Ji?M,()()0 |)er year on this 
cliihl for uuiny years. It s(»enis that li(M)r slwOias reacluMl ids maximum 
potential and there doc^i'i sc(»m to be nnicb of a j)ayofr for further 
educalinnal expenditures for this particular child, at h^ist not in this 
leannnji environment. Maybe w(» have to balance further investments 
in this child as atrainst further inv(»stnienl in the National Science 
postdoctoral f(dlowsliij), and try and (»\'tduatc where and how society 
will allocate these finite resources. 

i.el us rowiv to the reah/ati(m that c(bn-ational funds are finite. I 
think we have* not aclue\ed tli" v'\\x\\{ dccisicMumikinir j)roce.ss and we 
ha\(' not l(»nrncd how to fa( lor into the decisionmakiu'r process some 
kind of cost-bener;i estirnate a- to when* the n(*xt dollar of education 
is ^oiujz: to j)ro(bn''' the <xi-eatc->t j)ayofr in our sOf'i(»ty. 

Uavimr said thai, it n ^reat plcu^un* lo welcome today Dr. Pat 
Suppes from tla* In^Mtute for Mathen>at ical .Studies and the Social 
Sci(UH'es of Stanf(u-i' Univt-rsity. i Ui'ist confess that wlicn we first 
decided to have an additional djiy on .-^pcM/ifically the education of the 
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intellectually gifted children and disadvantaged children, everywhere 
we inquiredWto where the outstanding witnesses would be, the finger 
was invariably pointed to Pat Suppes of Stanford University, So we 
are delighted to have you here. 

Your paper will be printed in its entirety at this point in the record, 
so perhaps you would simply want to chat with us and we will un- 
doubtedly have questions, 

[The complete prepared statement of Dr. Suppes follows:) 
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THE FUTURE OK COMPUTERS IN EDUCATION 
Patrick Suppes 

Institute for Mathematical Studies in the Social Sciences 
Stanford University 



My purpose today is to focus on the many and varied potentialities 
for the use of computers in education throughout the remainder of this 
century. It is importaor. however, that what I say aot be based simply on 
general opeculatloa but that it be firmly founded in past experience. 
Consequently, I shall spend a considerable part of my time in reviewing 
my own experiences and those of others in the instructional use of computers 
since the early sixties. 

History of Computer-assisted Inst ruction at Stanford 
Elemencary "School Level 

In January 1963, -'Ith a grant from t'.jc Carnegie Corporation of 
New York, the Institute for Mathematical Studies In the Social Sciences 
at Stanford University began a program of research and development in 
computer-assisted instruction (CAI). Durlnp, the first decade, most of the 
work was concer ed with the development of computer -based currlculuras for 
elementary schools, especially in mathr-^iatlcs and rending. The vork in 
reading was uader the supervision of my forrsr colleague Richard C. 
Atkinson, and the work In mathematics was ny responsibility. A general 
history of these efforts is to be found In Suppes (1972). A large number 
of publications have resulted from this work; It would be Inappropriate 
to list all of them here, F.xtenalve details about the work in mathematics 
are provided in two bookr.» Suppes, Jerman and Brian (1968) and Suppes nnd 
Mornlngstar (1972), 
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Although the initial support Eor this work carae from a private 
foundation, shortly thereafter support was received fron the National 
..-lence Foundation and the United States Office of Education. There are 
many vignettes to tell about the extensive work we^ conducted in the sixties. 
One o£ ray frvorltes is that the first school systera in the world to have 
the opportunity of every elenentary-school child's doing oally work at a ^ 
computer terminal was in McComb , Mississippi- The terrainals in McComb 
were connected Co our computer at Stanford by telephone lines, and the 
research and developnenr effort at McComb was supported by Title III of 
the Elementary-Secondary Education Act o£ 1965. Results of these efforts 
at McComb wore evaluated rat-her carefully and Che results were quite 
poatclve. A doCaUed analysis is given In Suppes and Morningscar (1969). 

IL is perhaps wt.rch noCing ChaC almosc Cen years laCer Chis work 
in HcCoRb h;>n been followed by a fairly exCensive use of corapuCers for 
instriictlan In Miss Isn Ippi . The computer syKtems and curriculum are pro- 
vided hy Computer Curriculum Corporation, with which 1 am also associated, 
ar.d the fundr. used to support the:se operational efforts, which aie no 
longer in the category of research and development, are provided by Title I 
allocatlous to the various school districts. 

Dlsadvantojif'jl Students 

It is important to emphasize thai: a large part of the work on the 
instructional use of con(v.>rf.rc In elenentary schools has been focused on 
disadvantagori students, and ovL-r the ycirs ue have worked with a variety 
of populations, r.uxr.iny, fron inuor-cUy ;;rhnnls in varlou.'i pnrtu of tho 
cour:ry to rural popu lat. i onr; in Ap(>.;i l.ich i.i ar; well ai; American Indian 
'students m Mc-w Mt-xico. A report, for exanpln, on tuc pc-rfornnncn of 
AKH'rlcnu .ndian SLudi-nts in CM in eU-rvutary nathi-nat tcs in to be found 
In > '■■ ICS, KloLcht.T nnd '/..luolli (19/')). 
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Handicapped Students 

From July 1, 1970 to June 30, 1973, the' Institute was deeply 
Involved in the use of CAl for hearlng-lnpalred or deaf students. This 
large project was funded by the Bureau of Education for the Handicapped, 
United States Office. of Education. 'Using our computer at Stanford, more 
than 1,000 deaf students were 'reached during 1970-71, through a national 
network of terminals located In residential deaf schools and special 
classes for deaf students in ordinary school'?; during 1971-72 and 1972-73, 
this nunber rose to more than 2,000 students. 

curriculum for these students was primarily concerned with 
elementary mnthematlcs and language arts. Kx'uenslve evaluation of this 
work h.'iu huen publls\ied (Suppes, 1971; Suppes & Fletcher, 197A; Searle, 
Lnrton, & Suppes, 1974; Suppes, 1974; Suppes Fletcher & Zanottl, 1976; 
Flctchur l» Sijppeo, 1976)^ Perhaps the best evidence of the success 
of this work with handicapped students is that almost without exception 
the schools have continued to use CAI ciore thnn four yenrs «ifter the 
^ research nnd developnent project came to an end. 

Uniyers I ty Level 

MeglnnLng In the late 1960s, work at the Institute began to focus 
moie oa. the possibilities of CAI for university-level courses. The first 
major effort wns under the dir^■'tlo^ of Prclessor Joseph Van Campen of 
the Dt^partroenc of Slavic Languages at Stanford* ai. . was concerned with 
the development of two year.s of cU-ncnttiry Russian at thf^ university level. 
Tin* vt;ry po'iitivt* cvalunCinn f-csulL*. ctf tlio firul-year KuKsIan course arc 
reporttul in Suppcjs and Morn 1 nj',:; ta r (I'JO'J). TIh> work in Slavic languages 
hti.s now ah i feed from Clio bej;LimLn;; iriMrsfvi ttj intcrnod iatc courser, that 
have cnrolliiuMit . CAI is offort-d in siiuh r<.* lat. I Vf ly <';joteric topics 

iX'.i OK'l Church Slavofilt: .im! Lhf 1 i nj-.ti i t. i r history of Lhe Kir;ii ian languape. 
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One of Che earliest curriculum efforts for the elementary school ' 
was Che development of a course In logic for gifted elementary-school 
Btudents, discussed in more detail below. In the late 1960s, efforts 
turned to the development of a corresponding course in logic for university 
students. Over the past few years the continued development and Improve- 
pent of this course has been one of the central efforts In CAI at the 
Institute. Recently, the efforts in logic have moved to the Intermediate, 
as well as the introductory college level as a focus of research and 
development.. A. substantial effort Is now being put Into axiomatic set 
theory, foundations of probability, and similar courses of a rather 
technical scientific nature. 

Courses In music and computer prograii::fllng have been developed for 
use at the university level as \;ell. Individualized CAI in music has 
been applied to theoretical and instructional Investigations In a number 
of different coursoii. Previous CAI work in programming has included 
coursea in the- BASIC. AID. SIMPER, and LOCO languar.es; current projects 
deal with an entirely newapproach to teaching BASIC and the Integration 
of a CAI course in LISP into Che university curriculum- 

Summary Information on the courses nentioned is shown In Table I 
(taken from Suppes . Smith and Beard. 1977). It will become apparent at 
once- lU'at the enrollment Is quite snail in a number of courses that we 
consider ns a primary focua.o£ our research and development efforts. 
Contrary to some of our thinkinc a few yc-ars aj;o. It is now our deliberate 
choici- to dt^vtrlop CAI fur r.Lf'd. cours-r. rathor than for the large-onrnllment 
elen^jiiLary cournfj.s. 

The reason for the etnpba;-.i«j on r.nal l-cnrol Incnt courses Is to a 
vt^ry cuMr.ldorahh:' i^xteat. a mttcr of productivity (Suppes. 1975). The 
initial ini.vtns fnr iUr cours" in .ixioi.Mtic set theory war; the loss nf a 
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faculty position in this area due to budget cuts at Stanford. In the face 
of declining or fixed h:udgets, it has become apparent that faculty sizes 
will probably decrease during the renainder of this century. Some state 
universities require that a specific level of enrollment be maintained 
for all courses^ of fered, and there is •considerabre pressure against 
specialized courses with low enrollnenCs. Still, such courses represent 
an important function of the university in transmitting intellectual 
knowledge and skills from one generation to the next. 

One of our main aims In CAl research and development at, the 
Institute is to show how these specialized courses can be maintained at 
reasonable cost In the Luture by appropriate use of computer technology. 
Our aim Is to Increase the teaching load of faculties in terms of courses 
offered, and one of our subsidiary aias, consequently, is to improve the 
ability of CAI to provide effective instruction with little or no inter- 
ventlon^ requited of the Instructor. A few teaching assistants, available 
at sclieduled hours through the day and evening, work In conjunction with 
each course; the instructor himself is free to supervise further develop- 
ment of CAI courses or to consult on an individual basis with students 
and teaching assistants, 

Ct£ ted Students 

Work with gifted students at the eleaentary-school level began in 
an informal way 'in the lace flftier. but got under way in a noi:'e"formal 
fashion under the sponsorship of the N-itionnl Science Foundation in 19fa3, 
when a lonjiltiulinnl accelerated prn{',rn:n uiul(?rtnlten. The object Ivtr of 

the program was to ncceleratc and enrich the mathcmat icy instruction of 
gifted cleocnt.iry-school students throughout Grades 1 to 6. Detailr. of 
thir. prc.i>ram are described In JieveraL publications, so tlmt I Khali only 
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mention certain salieut points here (Suppes i Hansen. Suppes, 1966; 

Suppes i Ihrke. 19W. 1970). At the beginning o£ the second year o£ the 
project, the 3', children who we're bright second-graders In 196-^-65 received 
Huppl.ementar>- drill and practice in arithmetic at corputer terminals and 
also an experimental course in nathenatlcal logic especially prepared for 
gifted eleaentary-school students. 

Because o£ the availability o£ logic at the computer terminals, 
the students were able to advance nt a surprisingly rapid rate, and during 
the several years o£ the project- they became quite proficient both in " 
uaderstanding and using the basic prlnclpi.s o£ logical. in£erence. Perhaps 
the most important point is that, although this vork began .iu the second 
grade, come c.£ the e:<perlmentation was undertaken at t.,e f-nd o£ the first 
grade af,d it the programs had been available a year earlier could already 
have been ur.ed at that time. It is also important to emphasize that this 
vork was natural and easy for the students. The rar.ge of mathematical 
topic, that can be taught to gifted students in not easy to ovetestlmate- , 
In addition to the work in logic. e:<tensiv,. work In geometry as well as 
la the standard curriculum was oftere.l to these gifted scudrats. They 
made rapid progress through a variety of topics, including tlx eW tary 
theory of symmetry groups. The gcoo-.try v.. ^ ..ht by staE£ members o£ 
the-InScUute, not at computer ternlnals, ■ •■ " » dr -..>de 

later. It vc.1-1 be feasible to offer the guc.,.-..:y ■ omputer Lcrminals 

. . i ^ r-i, ni.-.'fs "^-^ pitted scudcnts»' 

and thereby co provide rich Instr.icr l-i -^..v.x,.^ h k 

th... uouU not ordinarily l>. av.iVa.U- „..ntary schools. 

It ir. a'.so worth nntlnp. that wc i mn-.; . gh the six yca-s 

Intensive w.rl: .n'r.tanciard drill aad pr. -.r.. .1"... f brigKC students. 

Some pp.p.e ask why rhU; was nec-..r.r,.„ y . :l obvious gifts. Over 
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the years I have developed an attitude and an anauot; >t dnkes sense to 
me and to most of the people to whom 1 talk. abou*. tttc :.6ntiiiued need for 
drill and practice In basic skills, even for f,.(frr'i students. The analogy 
I use Is a simple one — It Is that of the tralnSoi^ ^itd perfection ot physical 
akllls. Most of us accept without any ques.M.cn ' iiac professional athletes 
continue to train and practice even after r:»«4 v particular skills have 
been thoroughly developed. The same Is true cv Intellectual skills- The 
kind of performance we expect of gifted stud'-,?uS can only be obtained, in 
my Judgment, by a continued reglmn of drill H'.id practice, and Such a 
regime is Just as much a desirable aspect of *.^cir Intellectual training 
aa it Is of their physical training. 

Home "based Computer-ass la ted Instrtrct-l ^n. fo_r i. lRhly Gift ed Students 

1 tiicn now to deucrlptlon of i more r.-TCenc experln--. in the 
Institute. Tne objective of this pr^'.^vaui was r.uofold: £s.r3t, to use not 
merely gifted but, In the main, highly gifted ti.-adenr.^r i nl:, seCond, to 
investigate the fcaalbiiity of home-hr.S'**' ;unpu ■.r ; '•^-■..■■als that would ^ 
deliver Instruction to, the students, rather than h;- /J'.f? i r.e students 
assemble at Stanford or some other focal point- it cMpeclally important 
to recognise that highly gifted students, deKp<--o -.ur this purpose as 
student3 with IQs of 165 or above, arc Vrry 'jpj'-^ely distributed and 
consequently there is a severe loiv^-"'^ L'- p.^l*ie.ii of offering them advanced 
Instruction. It Is, in face, ^ ;• that tha use of distributed 

computer terminals is probably I'.r V w.iy to offer a variety of advanced 
Inf^criicL ton t:o .<.uch students. ; /if.o noCf: Chat tt t« one of thr; scandals 
of American' education, in my own ludj^nnnt, tliat so very Itttlc Is offered 
as advanced instruction for such studcncs. Relative to their enormous 
potent la I, '.luiy ,\rti perhaM:, c^c ru>st n»-'f'.U'c tnd populaClnn of students in 
our entire cdvicat I on<,i I s>:'.i* ^i. 
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Our project has been described in detail in a monograph on home- 
based instruction (Macken. van den Heuvel. Suppes 6, Suppes, 1976). I 
cover some of the more important aspects. 

Procedure . Eight school districts in the areas surrounding 
Stanford University were invited to submit the names of students whose IQs 
as measured by the Stanf ord-Binet intelligence test were at least 163 and 
who seemed to have a wide range of outside activitifis; the latter condition 
was stipulated so we could determine how well a home-based CAI curriculum 
would compete with other established interests. The districts were asked 
to include with each name ^ statement describing the sCudent and indicating 
why he or she was being recommended for the program. Some districts did 
this; others submitted short autobiographies of the students, and some 
submitted only the test scores. From this information, members of the 
Institute staff selected a total o£ 16 students; there were some from 
each district and an equal number oE boys and girls. Me made four excep- . 
tions to the criterion of, having a Stanf ord-Binet IQ score of at least 
165: Three of- the children measured "superior" on the WISC but had not 
taken the Stanford Btnet, and the fourth child measured only 132 on the 
Stanford-B'.net but was an outstanding achiever In his district. Children 
who were not selected were placed on a waiting list. All selected 
chil'dr"^ were in the,sixth, seventh, or eighth grade with the exception 
of onr girl in the third grade and one in the fifth grade. 

In November of 1973, letters of invitation were sent to the 
parents of each child selected for the program; copies were sent to the 
cooperating school districts. The letters provided a description of the 
program, including the available currlculuns and necessary equipment, 
and indicated that there would be no cost to the family. All families 
agreed to participate. Installation of teletypes In the hones began as 
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soon as permission was given by the parents; all were installed by 
January of 1974. The students were shown how to dial the computer at 
the Institute, how to use the terminal, and how to sign on to the 
elementary logic course. With this minimal explanation all students were 
able to^ beg4,n their Chi work. 

A -.leeting for parents and students was held at the Institute on 

January 14, 1974. Th.is vi- a general meeting to answer questions about 
the program and the curriculums and to provide a tour of the Institute 
facilities. Parents were encouraged not to urge 'their children to work 
on the teletypes; instead, students were to pace themselves and work as 
much or as little as they wished- The' meeting was well received and 
follow-up monthly meetings were planned. ^However, because of the gasoline 
shortage, no further meetings were held until June when the 10 new students 
had been selected. 

A proctor was available at the Institute four days a week during 
scheduled tiQ«s so students could telephone for help. Some students, who 
indicated they felt too shy to telephone, were called once a week by the 
proctor to see if they were having any problems. 

The summer program was similar to the spring prosram. Letters of 
invitation and explanation were sent to the 10 new studentsvand a meeting 
was-^eTd June 17 for old and new students. This tlm^. the parents were 
not encouraged to cone. Summer students were told they could take a 
programming course, BASIC, along with the logic course by writing or\ 
telephoning the Institute to request a BASIC manual. This left the 
initiative with tho .tudent: Six studonts requested the manual and b.,.an 
the BASIC course, and two finished the course by January 1. 19^^^. 
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By midsummer it was apparent that eicht ptudents-four new students 
and four old students-were not working regularly toward completing the 
logic course. Weekly individual goals were set to encourage regular study. 
The students expressed approval of the goal setting, but, in fact, did not 
change their work habits. By January I, l'J7b, four of these students 
(two old and two new) completed the logic cour.e, two (n«w students) were 
still working very slowly and irregularly, and two (old stadents) had 
dropped out. 

Two students, who were friends attending the sane school, seened 
to enjoy competing with each other on the CAI. curriculun3. and thi. ^ 
conpetltlon apparently stimulated progress. After further inquiry, 
telephone Huts of all participating students were nailed to the students. 
Howevor. th.. students did not nake much use of the lists, possibly because 
they wer.^ too shy to telephone peers they had not net. 

CoacUislons, Without nnterlng Lato the details of the currlculun. 
let ir.^ Gummarire here the naln conclusions we reached. 

First, the high dropout: rate experienced with this very special 
and very bright population of students Is characteristic of the high 
dropout rates observed in ocher horae-study courses. We left the structure 
of the progran v.ry free in order to test whether very able students of 
the'kind were working with would be able to sustain an interest in 
relatively dl^icuU material over a long period of tln^e. It should also 
be remark..d that all of 'these students had very busy programs both in and 
out or srhnol. Uc. w.^rc^ in fact snrprisod. aftrr the program began, to 
find th.' ar.out.t of tim^ sor..- th.-n wrr.» d^-voting to it. 

Second. :>n the ba^Ls of the hLgh dropOML rate experienced. v;e 
■ would conc:lud. that a su.taLn.M progra.n of hone study for gUted students 
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would require the Introduction of consldcrnble structure and also, 
probably, clear grraaeetnents about acadenlc credit for the course work 
done. Perhaps the best arrangement would be to replace part of the 
routine school courses by the advanced courses available at conputer 
tcrtnlnal.s for home study, or at the very letiiit to arrange for advanced 
credit for the courses complete^. 

From our extensive survey of the liter.iture and tron this 
intensive experiment, we helieve that arrangetaents for introducing 
structure providing qhort-range goals for students, feedback on their 
progress, telephone cc versations with proctors, and other foros of 
guidance and Interaction need extensive experimentation in order to 
determine tlie optimal mix for hone-scudy instruction. Our search of the 
1 1 tcrutij n* ind lea tes th;;t there has as yet been very 11 tt le serious experi- 
mentatloti on the.*.e natters* In view of the very large number of students 
enpagi'd lr> l>one-stiidy work in one torn or another and given the techno- 
logical t'Oi;.'t I b 1 1 i t Icr. for the fnturo In tcrtas of mor^? Intensive interactive 
courses avaihible In the ho^^» , It neean cost desirable that an extensive 
prograra of experimentation on the appropriate structures for such course? 
be undertitken. 

Third, in ordiriary studies of ach I'^vonent of students in different 
teclini) utg ie s , lor oxanplc, in th^- extonr.i Kurvoy of Janison, Suppes, 
and Wells (197'<), pretest .:ind postiteiit achievement measures have been the 
primary inr. t rumt:nt r^f ar.r.c. ./;r»nt - extensive data fro:n correspondence 

courses and tht* rest r i f t hut «let,Ml"(l cl.-ita fri):;i the group of very 
gifted stiidenti; d>'srribiHl in thr- pi<'s.-nt sertion Indicate that, in the 
case of honi'-lja?ied i risr net i on , the dro^nat r.ite I:; a no re significant 
r.*«.'e>ur»' o( arisi-ssntMjr th.in artu.il acl; iuV tT.rnt • Thifi is neant in Ltie sense 
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that the prlraary problcta of hooe-bastid instruction Is to find ways to 
reduce the very large dropout rates encountered. Althoufjh the literature 
is extensive* In one sense, vlth regard to analysis of the causes of 
dropout, it Is on the otivec hand clear that detailed quantitative and 
statistical analysis u rir,R relatively sophisticated models has not as yet 
taken place and would aiiaosc certainly yield a better understanding of 
the phenomena than we now have. 

Let ce end my reciarks about work with gifted studanv-S by a corapari- 
con with what I have observed first-hand In the Soviet U.ilon. In the 
early suracer of 1972, I .served as a special consultant to the United States 
Educational Exhibit touring tha Soviet Union, M/ allocated time was spent 
while the exil.lblt was In Novosibirsk In central Siberia. One of the things 
I had an opportunity to learn about was the special secondary scl\ool for 
gifted ntudtjnts, locatt^d ia Novosibirsk. A similar school exists in 
Moscow and one in Leningrad, I had LiiL- opportunity to discuss extensively 
the curriculura of the school and aUo to learn about the procedures for 
selecting the students, who were brought from all over Siberia to the 
school for three or four years of secondary-school work as full-time 
residential students- The main courses in matheciat Ics , physics, and 
chemistry w«re taught by university staff,, and the residential school 
Itself was located as part of the university and Soviet Academy Institute 
complex callod Academe Gorodok, that Is. Acaderr.lc City, not many kilometers 
from Movosibirsk, Without ontt-rlnn into tho. dntalls of what T learned 

I 

thor-» It. ir/ fair to ;^ay that therr iv. no conp.irablr effort in the United 
Statos, althtKiab soae of thr v.-ry b.-r.t secondary school;,, an for s:;xample 
' the Bronx Hir.h School for Sriencc, cor..- close. Wh.it l3 nypecially missing, 
hnw.-vcT» IJ. th»- kind of sy.-at':natic ,'ffort at neloction r.un ident iH cat Ion 
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of the brightest and ablest youngsters » Thcr« is* most certainly nothing 
comparable to ihis procedure of selection in any prograo for highly 
gifted stud«ntf» in the United States. 

Considering the amount of money that is spent on education in the 
United States, both at state and local levels as well as at the Federal 
level, the relative neglect of providing adequately for the special needs 
and enormous potential of our highly Rifted students is, as I have already 
said, something of an educational scandal. I would strongly urge the 
Congress to consider giving special attention to Che educational needs of 
the gifted. Because of the sparse distribution of highly gifted students 
In particular, the instructional use of computers for such students seetos 
eupeclally .ip^>rupriate. Moreover, what would be learned from highly 
e>:peciraental work with these students would alniost certainly have an 
euorwous payoff Ui the years to cone for n larger population of students. 

F uture T echnologi cal Por. slhlllM tiS jvnd Their ProMens 
1 hope that the nuweroos t-xaraplex drawn just froa our Stanford 
experience Indicate that the Instructional use of conputers can serve 
students ot all ai;es and of all varieties of capacities and Interests. 
What 1 would now like to turn to are r.onitt of the possibilities and the 
probU-ciS of those possibilities rhac lU'i-d actuntion in the future. I have 
oryanir-ed ny remarks under tho four broad problcmii of talking, llstenla^;, 
knowing, and learn inj;. 

Ct rMurfrs Thai Valk 

111,' t ir.,r^prohLoni is i. imply th.u ol tnlkic»)j:* What docs It take to 

>VT '.nn^iuUT to t.Tlk? The fjcr. i:. Lint th.' technical issues are already 

p::rtv- \:r\] in IutiuL In u-ii ror-vitor i.ystori at Stanford wf liavu clp.htuen 
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channels of independent simuUanfeous audio and tlie coaputer talkfi 
Independently and differently to eighteen students at the same tine. We 
have the capacity for rhe conputer to talk, l^hat ue need, however. Is a 
better theory about what Ir. to be aald. For example, when 1 serve aa a 
tutor, teaching one of you. or when one of you Is teachUg me, IntuUJv.ly 
and naturally we follow cues and say things to each other without having 
an expUcU theory of how we say what we say. We speak as pari: of our 
humanhe35, instinctively, on the basis of our pr^Gt experience.. but to 
get a coaputer to talk appropriately, w^. need an explicit th.-ory of 
talking;. 

hany, a^.o, the sophists of Anr^ nt Crooce objecC-d to the use of 
wrltt..-n rcrcords for Instrurtion b.'ca-is.. they ollninatcd the intinate Inter- 
action betu..M. tutor and .tudent. In IMnto'r. dialo,ue Phjiedrus, Socrates 
asserts "ouly in principle-:; of Justic-. and Ko^.dn.ss . . . taup.ht and comtnuni- 
cated orally for th.- sak. of instruction . - . l-': there .loarness and 
perfection aud seriousness." Tho asp^.c of dialogue that is technically 
difficult for US at the present tine, ev^-n aoro than talking, is that of 
imteninp.. Without any rin-.-Lion, the problem of defining computer hardware 
and software that can list.n to a su.-nr .alk is nuch aore difficult th.n 
having th. co::., :;.lk to th^- stuJ^-.t- Imlo.d, I want to emphasize the 

great difficulty of havin:; ....uter. that ade^Mtioly listen. I recognize 
that it will hr many ,r.u. U-iur. iully s a t. i s f ar f n r / snlutiOnu are 
.,va i 1,(1. 

On tiu. oLh.r h.u.l. air-. My s-v.ral yrars a?^u v/^ were able to 
.xp,M wn.M.r suc-r.-Mnlly wlM> r -y ra r I d s ' tall:ing to tbn conpntcr in 
c.rd.M giv- ,.n.:..«.:. to . I, t...v . . . t hr-n . M . a 1 prnbl.ns. Kxercf.:es 
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given at hone over ordinary cule,4u»n<i llnea aud consliitlng of boch 
elementary mathemadci I problems and sucn -tandard copies as spelling are 
feasible ac che present tine ; rom a technical standpoint. 

The great Inpo rtance of ex ten"! I ng the capab llltles of cooputers 
that listen In order to give us mure powerful educational tools cannot be 
overepphaolzed. I na sorry to say that almost all of the work that haa 
been done up to the present on the technical problems of conputers' 
understandli^g spoken speech has been sponsored not by any of the educa- 
tional agencies, aw for example the United States Office of Education or 
the National Institute of Education, but by the Department of Defense, 
especially the Advanced Research Projects Agency. In oy own mind, the 
education. il c.i'ir l.'j i\ very much stronger one than the defense case for 
che In t r r or. c In computers that listen. 

Corotn iterr. Th^t Kn ow 

The r h i rd part of my dt 5;cu;i'i i on concerns th prob lera of under- 
standing the know led j;ti b/ise. Tc h.T/o an effeccive compu cer-bnsed systr^i 
of instruction, we must transcend mindless talking and listening and learn 
to understand and use a large knowledj'.e bdS". For example, if we were 
s Imply to r^'tjutre Information retrieval from a knowledge base. It would 
be relative ;;tmple in the future to pur tho entire Library of Congress in 
every eleijent.iry .'u^hocil. The capacity ro store infornatlon Is increasing 
so rapidly that we will be able to store oucli norc information than could 
ever possibly be u;:tMi hy any on*' i uci i vidu.i I - 

A (I n t (' rt'iit .irid f i! i } M ( ij 1 1 cjuc-. t i on is i v to get t lu* f: I za?» lr» 
knowledge b.n.e to Iriti-ract with tht' ;;t.i:'lenr. As w(! c nse to under'-.tand 
how to handle '.:uch a knCiwledr.f- bane, the school conput r of the fiiCurc 
sh()M 111 \n' 1 1' t i, .iii'.wt'r ;iny u.jy w.i i d (juit: t i on t ii.it the sC uflen t n Iglit like 
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CO ask. Moreover, aji we all know, once a student uses buch a capability, 
he will have a strong tendency to pursue still further questions that are 
more difficult and more idiosyncratic. It will, I think, be wonderful 
to see how children Interact with such a -systea; in all likelihood, we 
will see children give to learning a high degree of concentration nnd 
the sustained span of attention they now give to coDinerclaL television- 
Ther6 is one related point I want to emphasize. Fron the very 
beginning of school, students learn qui :kly the "law of the land" and know 
they should not ask questions the teacher cannot answer. This task of 
diagnosing the limitatLons of t.enche;:s begins early and continues through 
college and graduate school. So, once we have the capacity for answering 
out-ot -thc'-way qiu!stlons, it will be narvelous to see how students will 
take advantage of the opportunity and test their own capacities with a 
relent lL'«sn««;» tlu!y daro not engage in now. 

CohTpute rs That Aid l. t^arnlny. 

The fourth prob len, and In n.Uiy wayi: the least-deve loped ■ feature 
of this technology , "is the theory of learning and instruction. Even If 
we can ciake the Computer talk, listen, and adequately handle a large 
knowledge data base, wc JitlU neiid to develop an explicit theory of 
learning and i n:> t ruct Ion . In r .acliin^; a student, yuung or old, a given 
subject natter or a given ckLU, a co:::puter-based learning system can 
record everything the student does- It can know cognitivoly an enornous 
amount of inforr.utlon nl)OUt the stiulont. T[\o problem ir. how to use this 
Inf oinuU (on wi ;.fly , jjk i. I It. u 1 1 y , and rfnclt-ntly to tr'ach the stiuleiit. 
This Is r.oncLhln}; that the very bt-st Imin.Mi tutor door. wl-U , even though 
he doe:^ not underiican-l at all hov Iil* docii it, junt nr. he. docs not 
unci, rr.!.nifl Ixiw hr t.ilks. None of nr. utult^rytnnd how w(^ taU: and noni* of 
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uii umler.'itand l»ow we I ntu 1 1. i v*' I y liiltT.ict with i^onooni. wo arc. t.-.-ichLng on 
a one-to-one hauis. StLll, even thouf.h our past iind pn-Jont tUforfori of 
Instrucr.Lon h*T/t? not cut very doop, Lt does not nean that we have not 
made sone progre:.:. • First, we at It-ajit recocnize that there is a 
sclent LfLc problem; that alone is progress. One hundred fifty year:; a-o 
there wa.-i no e/.i. licit reco^'.u 1 1 Ion tliat there wa;i even a problem. In the 
education literature o£ 150 years a>;o it was not recognized ar. important 
to und«^r:>tand the nature of student learning. Only in the. twentieth 
Ciintury do we find any syiitenatle data or any oyuteaatic theoretical 
ideaii about the data. What precedes this period is romance and fantasy 
unsubGtanr. lati'd by any sophisticated relation to evidence. So at least 
v;f ftiti say ih-jr h ive bej-.u!! the task. 

I want to eLiphaslzf! tliat , In the four por.» lb I lit les and their 
as.-.ocl.ited prr.hl.-m'. that 1 have nentloneci, na.nely, those of computers 
that \i:.lvn, l-.nov;, and .1^(1 liarniu;;. the p r Ima ry p rob Ions are not 

(.latters of tiardwarr or techno Inj',/ In a narrow sense hut of Rener<il 
intelleetu.i) I nves t i^'.a t ions ff a fundaLienla! kind that will, not,* in the 
cqurjo of cjrdinary atl -ir- .ir -..rK'rrraken by Industry but that nust be 
addressed by Fud. ral prop.rans.^ Ui.r ratf of pro>;ress on r.hos« natters 
win be' <!..-terr:(M-d .ilnniit '.-n'M.-ly t.; the Irvel of Kederal support and 
the wi.:;l,.:x c>: n..na-...-:'nL v u. r - prnyj .i:r.i. thai are tar^^eted on the 
po-.isihi I i M.- { . .'t:i'.. ' v.- d i :.nir';--.ed . 

I woMid t<. e:ui M... tlu- ! - n.tir.,l u'n>' of ..t..rl.i;. v;lK.t, fron ny 

own vi.-wpoi:.t, won M t... iu^.^rl .rM a'M S-a-.i!.!*- pru^^r.tr-. nf s.t;>pc.rt for I he 
Federal ^'.<)7^■ r nrn^-nt . 
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1. Cl_ft_c.l stodent.. Tlu. UnUod Stac.a OEElce o£ EducaUon or 
so^e other aBency. Such as the National Science Koundatlon. should have a 
special pr.>,rnn> oE support Eor the use oE ln = . -.ct lonal conputers with 
KlEted students, especially the ht,,hly glEted. Tl ese sparsely distributed 
glEted students, should be brought tndtvldualt .V. ,rograms. especially In 
basic skllls'oE nathenattcs and In^auage. at an early age and throughout 

all their years oE elenentary and secondary education. The returns on a,. 

program Eunded' at a substantial level would, in ny J.dgnent, exce the 

return «n any oE the other Fed..ral prop.ra.s oE educat l.T.al support at the 

p resent c Lne . 

2. HnndixaEfied stu^^^^^ The extenn tve r-r .^ort programs In the 
Bureau oE WucatU.n tor the ll.KulicIppee. .-hould be targeted, even .ore than 
they are c.r r,-., t 1 y . o., the us. 'oE computer technology Eor the education oE 
the ha„dtcapp.-d. .1,. ..auy ways, excellent programs o£ support are now 
'already uuder .ay at th. ..ur..au. I uouUl urge Congress to revleu these 
programs Ero. tine to tl.« and to 1, .tst t^at appropriate advantage Is 
taken o£ tncreaslngl sophisticated technolc-v that Is available Eor 

instructional purposes. 

computers Eor sup. U-nentary l„,tr„ctl.n In ba.lc skills, especially basic 
skills of reading and ..enatlcs, uUh disadvantaged students. The use 
o£ t„structton,-.l computers for thLs purpose sho.ld be encouraged and 
enhanced Ou- revision of tho F,l -nenta ry -Hecnnda ry Education Act oE 
IW()'>, MOV/ [)'MnUn^' In Cull}' r«- ;!' . 

nation of learn.^rs dcp.y cun.itt... to continuing education is supported 
,„ ,, v,„i,.t./ of c-nrren, ±n . . Kor exan.plo. In so.,- of the co.nnunity- 



58: 



:)()() 



collugL' districts In Caiifornla more than twi-tity porccnt of the (-.ntlrc 
adult population — not juRt the colleKt:-ap,e group— arc cnrollcc! in at 
lcar>t one course. Direct electronic d^'Uvery'oe a wiJe varlt. oE courses 
^to the. hone is increasingly feasible, A prr.i;rna of support to ^erate 
current efforts would be tiraely, 

5. Research and develop meut. F/.nally, I strongly cirge tli. _ 
consideration be given by Congress to a prograta of research and d'-ve 1 • : 
dealing with the four nain problems T. discussed earlier, A proRram at a 
substantial level could accomplish n gre.t dual to rapidly facilitate the 
extensive ur,e of computers for instruct) ■ T ' total R&D dollars now 
bi'ln^ open: by the Federal government for ct .ich on the instructional 
use of conputors In very saall Indeed, A ra'. ih i : ■ • program would not 
be €•xcc^^.'Jlvt• and could be practically absorbfl b, .'i ■ rcsef^r-h and 
developnittnt cdi'imun Ity . I would also t-;aphasizc f.>' a i U prop.rams 

f.Tllln^. within uuch a j-.tMiHral frniiinwork would, i- ■■ . .. c.i.fs, be 
coMLrruKJ wUl» tilghly duve l£>i>tTioiit ,i I s'xpe r I ntMUa ) t'.iat wjuld in 

themuelvoii havf? Jiro<:t eJucational bt-ncflti.. I beUcv.' it Ls fair to say 
that nucli ot our work M. StarforJ h^\i been f :;ictly of chLs c1:aracter, 

V/c are slttlnj; on tlu; edj>L> of a revolution 1m Vm- w.iy in which 
In.structlon is tiel ivLTt'c! t-. .tudi.'ntr. r.f all a^es and v.Trlotlcs. It has 
bot-n One of th.» p.r»'nt pl»:a:iar'T, of my tiff to havti bcfi; a part of the 
be^; Inning of this ri*vo Lut lo^ . I hop.- Uiar tU". Fi-d.rral r,(.vorm:ie;.t will 
proviLlt? stroni; support for this c^-ust rut: r i v.- d i rf-r.r ir»a of uh -n^.c 
t »irt>ui',h.»ui ihr roit ci 1 1; i ■ rafir 
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TABLE ! 

University-Level Computer-Assisted Courses at Stanfo; .! 972-75 



Number of Students 
Academic Year 



Avg, Number of 
Student Hours at 



Course 


1972-73 


1973-74 


1974-75 


Computer Terminal 


Philosophy 57 










Introduction to Logic 


56 


160 


209 


70 for A 










54 for PASS 


Philosophy 161 










Set Theory 






12 


5 1 for A 








31 for PASS 


Slavic Lang. 21 1 








30 


Ol^ Church Slavonic 


5 


2 


! 


Slavic Lang. 








35 


Bulgarian 


3 


0 


1 


Sbvic Lang. 212 










History pf Russian 








30 


Literary Language 


4 


4 


4 


BASIC Instructional 








10? 


Program 




too 


200 ' 


Computer Science 206 










LISP 




_b 


79 


93c 


Music (car-training) 










Music 2 1 




42 


41 


d 


Music 22 


18 


19 


23 




Music 23 


5 


26 


8 




Music 103 


5 


6 






Music 27 






33 





BIP students were limited to ten hours of time for experimental reasons. During 
unhmited pilot runs, students have taken up to 30 hours to complete the course. 
During 1973-74, LISP was taught at Stanford using the IMSSS machine; but 
students logged in as users, and there was no special CAl for LISP, ^ 
LIS? students spent an average of 69 hours in the LISP interpreter, and 24 hours in 
the LISPCAI system. 
The students had restricted terminal lime. 
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STATEMENT OF PATEICK S"&PPES, rNSTITUTE FOR MATHEMATICAL 
STUDIES IN THE SOCIAL SCIENCES, ^ STANFORD UNIVERSITY 

Mr. Suppiss. Thank you very much. 

It is my intention to put my written statement into the record and 
just discuss the major points of my testimony here. 

First, I would like to remark about the use of computers for edu- 
cating either the disadvantaj^ed or the gifted. One of the most encour- 
aging things in terms of cost/benefits are the iiioroasing cost reductions 
in the delivery of instruction by means of computers. 

One of the hopeful things that should be a clear element of the 
testimony here is that over the next 5 years ci-ntinued improvements 
of a fairly drastic kind can be anticipated in terms of the cost of 
delivering e{lucation by this means. This fact is Independent of its 
merits, but if fhe case for the merit is ostablished .separately, the fact 
that there is a clearly anticipated improvement in cost is an important 
consideration. 

Some of the programs that could not realistically have been thought 
of 10 years ago are feasible programs of instruction today. This is an 
importanl first point I would like to emphasi^te that I really did not 
emphavsixe too much in my written testimony. 

Since 1963 I -have been engaged in the use of computers for 
instruction with a variety of special populations, disadvantaged, 
handicapped, and gifted. 1 won't enter into tlie details of the handi- 
capped tnis morning because tiie focus is on the disadvantaged and 
the gifted. 

We have been using computers for instruction since January 1963, 
which is nearly a decade and a Italf. We l)egan at the elementary, 
school level, and fairly early we concentrated on disadvantaged 
youngsters because of the focus of the Elementary-Secondary Edu- 
cation Act of 1965 on tlie problems of the disadvantaged. . 

One of our earliest large-scale efforts was in working from Stanford 
in southwest Mississippi, in McComb, Miss. I think it is one of those 
strange combinations of technology and ])olitic.s tliat the first school 
system In the world to luive every elementary-school child at a ter- 
minal for some supplementary instr\iction in basic skills by computer 
was McComb, Miss. Vou wouldn't predict that if you looked at the 
record of innovation in the United States in general. 

Mr. ScuKUEU. Wlio initiated tliut? Did tlie educational authorities 
there initiate that? 

Mr. SurrEs. It was a combination of the superintendent, Julian 
Prince who was veiy active in new educational ventures, the Office of 
Education, title HI, in Wasliington and our interest. 

Mr. SciiKUKU. Was a university involved? 

Mr. Suppk:-=. Stanford. 

Mr. ScHEUEH. You are licl|)ing some of us Yankees break down some 
of our prejudices which is a liealthful process 

Mr. SuiM'Ks. There is a continued fairly good effort in Mississippi 
in relation to title I, rontinned work with basic skills and com])Uter- 
assisted instruction. We also worked shortly thereafter in rural 
Ap])alachia which lias a very scattered population. I will have some 
thing to say about that in the case of tlu» ^nfted. We nlso did extensive 
work witK minority populations, whicli cliildren were classified 
mainly as disadvantaged. And in all of these cases we were workihg 
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on skills, priunirilv n'udin^r uiul innthcnietics. I have put mto 

the record u lot of rcferencos luid there are a lot more references tlian 
I have put into the record, that one cun do ii ^reat deal that is ini- 
I)ortant and si^rnificant in terms of improving these hasio skdls of 
disadvantaged students. 

I don't want to ^rive you a siren son.ir that comj)Uter-assisted mstrur- 
tion is a complete panacea. I don't su.ij:<j:est that. It can he an efFcctiye 
means of instruction for <li.-ad vant a^red youngsters in basic skills. 
And I think the references 1 haVe put on the record and a large body 
of work, not only at Stanford but in nnuiy other i)laces, really do 
establish that coinpiM er-assisted instruction can be effective. And I 
think the r(»asons shouM 'ne clear. It is individualized, an<l it is highly 
interai tivc. Ii i.^; athlressed e.xactly to the need and level of achieve- 
ment of the stuilent ut a givcp. time. 

In a computcr-baseil framework, I think om> f^an <lo a very con- 
siderable amount with the problem of raising comj)etencc in i)asic 

skills. ■ I T 1 

Let me say something nf>w about our early work with the gifted, 
because at tjif same tiuie we were working with the disadvantaged, 
with funding frcjni the National Science Foundation in 19l).":{, we 
s^dect'ed in tlie first L^riui*' a group of gifted stmlents: The cutoff ])oint 
essentially was an IQ of I won't go into all the details of the 
proe(»ss of sehictif)!!. 

Mr. SciiKfKK. 1 aui very keen t{) know what the i)r()cess forseleetior 
was. 

Mr. Sinu'Ks. OK. . . 

Mr. ScHKi'Mit. One {)f the reasons 1 am thinking of is how do the 
means of selection impact the disadv;;iitaged (duhl who is intellectually 
gifted but who because of a not very curicluMl home environment, not 
a very st iinul-jting peer groU[). may not have deyelopeil the verbal 
facilit'v or the renifling and writing or counting facility that he or she 
mitrht havci develo[)ed if they were an intellcctiudly gifteil nu(hlle-class 
wlute child. How do you .-^p'ot the black or Puerto Kican or Mexican- 
American young.-ter with real intellectual talent? 

Mr. Sri'i'Ks. L«'t lue sj)eak to that directly. 

Mr. ScuMrKit. it will not be reth^cte'd by i heir spe(icli. 
Mr. St i'PKs. Let me an>wer that in terlns of a practical method of 
a .secojid experiment 1 want to describe in which we were interested 
not ui gifted students but highly gifted students. The initial i{lea was 
a ciitof?ofnn IQof lOo whicli is'way up tliere. I would like to describe 
that exjjerimem because I think it is signiticant. 

Mr. ScHEUKU. How early can you s[)ot a kid who is falling into that 
(category? 

Mr. J^iMM'KS. Oertainly in the elementary school. 
Mr. S(,'HKirKR. Not in firsj grade. 

Mr. yiM'i'KS. I thirik with rare— you see, I t hirik one of the problems 
of the highlv drifted is that they jire sparsri;. distributed and so identi- 
ficiition can^ be ex})ensiV(^ in the first gra<le. After thcv have built up 
some s(dionl records, the school wid have identified them. 'J'he x hool 
will not have idenlihed sludcnts of that ability on entrance. 

Mr. Scni-U'Klt. -You say ihcy widV 

Mr. Sfjiu'Ks. 'rh'\v will not have identifie<l them, whereas, by the 
time the student is in the fifth or sixth Lrra<le, a h'.rge number of -chool.^ 
will have identified extremelv able and higlilv gifted students, 

i 
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Mr. ScifKUiJK. Yon take, a black or Puerto Rican kid with real 
brilliance but school doesn't turn him on very much and he isn't doin^? 
all that well in his studies, but if you ^^ivehim a test that could measure 
his abilitv to reason intellectuahy, tojeason cercbrally, to i)lan and to 

• distiufruish, I suppose, and to collate and entrage in whohstic reasoninf^ ' 
his line would \xo off the chart. 

How do vou identify the kid \vho is brilliant but who has not f^otten 
very niuch*^ in ,the wav of outstanding test sf:()re.s sinii)ly because the 
work turns hirn off? Ma\ be society has turned him of)'. 

Mr. wSupPES. I (lonH have a simple luetho-f! of domjx it. I \\lll tell you 
how we did it in the ])resent case. Althou}^di we were nuunly selectmg, 
as vou mij]:ht\suspecl, from white middle-class areas, due to the fact 
that we had lon^^ exiM'rience in workins: witli disadynntafred and mi- 
nority students, we made a special effort to inchide in this irroup some 
minoritv st.U(l(Uits. 

The wav we selected Iheni was to jzio to th(; .school .system at the 
elementarv school level and ask: Who appear to be your outstanchng 
students?*^We ^^ot jrood recommendations. The test scores were not 
(|uite iLs hi^h, but' they were very j^ood. They were very prood by^ 
onlinarv middle-class standards. 

.\Ir. ScHErKu. Were they identified because of then* test scores 
or becau^e of the fact that the teachers knew? 

Mr. Sri'i'Ks. They were idcntihed by their reconmiendation on the 
basis of their s/'hool pcrfornuicc, rather than the test scores. The 
test scores were below what wc were lookin*]; for, but they said that 
these students looked to i)e extremely proniisin^i;. 

I think it is a hard problem to identify i^dfted students from mmority 
j^roups. I think with ed'ort it can be done. 

Mr. S("nF.rt:!{. I think it is soniethint^ we have to do. 
Vir. SriM'Ks. I wouhi ai^ree with that. It is an example of something? 
where there needs to be a specific ed'ort in connection with that 

• identification. • , - i 

One thin<i I think Is important is to make the ideni ilication early. 
There is a'^brojul basis of e\|)erience that indicate- that the very., 
youni; minoritv child is tu)t,as much at a disad vanta^^e. His disad- 
vantages widcMi as the school experienee continues. If wc eiui identify- 
them early 

Mr. ScnKi'KU. At what aire'.' 

Mr, ScpeKs. At first or -eeoud .<:rnde. 1 think there should be 
. sjx-eilie [»ro|^ranis for that. 

■ ^lr. ScHKi KU. Will von i^ive us d(»tails as to what you thmk they 
should be'.' 

Mr. Si'iM'KS. Yes. 
, Mr: Sf iiKi KK. It seems to me our rountry has an enormous 
.^-I'to^rr'st \n exarily that kmd of [)r()-'ram, ideut ifyin.i^ them and lavi.sli- 
ins/; (XlueationMropporlumties on them. 1 suppns(^ \ou are talkin^!; 
about |a fraction of 1 i)ere(>nt, 

Mr.!Si;mu:s. Yes; a very snudl percenta^^e. So modest, fundmo; m 
relatirfu to -ome of the>e' lar^rt* i)roirranr- will have an enormous 
beiu^lit. 

Mr. .HrHKrKU. You took the wor<ls out of my mouth. 
Mr. SVpimos. I think on this p(»iut a case could be made that 
irifted students nre the nu)^t ue<^d(»cled poi)ulatinn of stiulenls m the 
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United States in tijo sonso of lUv resources that nre beinj; spent to 
permit them to realize their potential. 

Mr. ScHEUEU. The handicapped children would come a close 
second. 

Mr. SuppEs. Wn now ure mounting massive efforts with respect to ^ 
the handicapped, and I think it is very important to deal with the 
handicapped. 1 myself have l)(?en involve(i in large-scale programs of 
computer-assisted instruction for handicapped students, and I have a 
high opinion of the kind of peojjle involved in ih^ education of the 
handicapped in this country. I think these elTorts are in every \\ay 
commenclablc, but it is very clear there is no comparable effort for 
providing any special fa( ilities for the gifted, either identifying them 
or providing resources tlmt are adequate to their potential. 

Mr: Sc!Ip:uku. If you could give us your detailed recommendations 
on what should be done both as to identification and wliat we do with 
those cases and how we^ treat them: Do we lake them out of their 
schools or their communities? f don'l know. And specifically we would 
like anv thoughts von have on how we could identiiv the IGC minority 
child. ' ^ .,\ . . . . 

Mr. SurPEs. You mentioned visiting Novosibirsk in Siberia in 
January 1972. 1 visited therein June 1972 and had the same experience 
you did. In fact, 1 went into the details of the curriculum at the special 
school for th(^ gift(^(l and also the method of selection. The scliool 
selects from all of Siberia. 1 1- is very clear there i- not anything com- 
parable lu the United States. 

There has been an effort of Julian Stanley and his group in Maryland 
to identify gifted students in the Stat>> of Maryland, but there is not 
anything of the magnitude of effort corresponding to what takes 
place at the special school in Xov< ^birsk or the one in Moscow or 
Leningrad. It is not only the identiiication that is important, but it is 
tho-depth and chara< ter of the curriculum that is given those students; 
able scientist>, physicist >, chemists and i7Uithematicians from the 
academic com[)lex in Novosibirsk are responsible for their instruction. 

Mr. ScuEUKK. How old are these children ' 

Mr. Si:prp:s. The ones that come in as residential students come in 
at about the age of 14, around the ninth grade level, and they are 
given 4 years of residential instruction in*'th(^ special school right on 
the academic; cnm|)us. 

Mr. ScHKirKu. An outstanding scientist at MIT or Harvard would 
consider it totally beneaMi his (hgnity to be teaching 14-year'olds. 

Mr. SuppEs. I (lon'l tiiink so. 1 tlimk it would be a piece of cake to 
get able academic scientists to teach those youngsters. I have hi:d 
some experience at that, not »rdy myself, but at getting some of my 
colleagues to do it. ai^l thp\' foiuul it a real |)leasure. 1 do not think it 
would be «ny j)r()l)l "U at all. 1 think the probh^m is orga;iizi«g- the 
logistica' effort and liie institutional setting to make? it happen. 

Mu. -jciiECEu. Wha* kind of institutional setting would you 
recomn\rnd? 

Mr. -Unu'Es. 1 tiiink it is lypicjd of our society that we probably 
want a |)iuralistic a[)|)ro)i'li to that sn that wc don't mandate one 
fixed h'.natigement . In <omc caM-^ tiiriv could well be on a university 
campus a special set of classes for gift<Ml youngsters. In other cases 
the education would take })lace in conjunction witli the school system 
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tljr >t ihlclll u\r III, wlji'll nilL'llI (IcpiMul (Hi \hi* A'/.i' of S''1iO(j1 

'I'o ;„qvc you an rxainplf r)f tlii- (iiirlil\ r.xpcriliH iital vi\\)i'\ with 
«:ift»'(i M( Inn 1 (l»'-f'!':l>tMl in in y vvrii i en tf-i iinon \- Ikav we pjit 
roinptittT irriiiinaU in thrir rc-idcnci^- -<> ilnit lliry wvn' al)lc lo take 
iii^t rncl ion ilircctly at honn-.! ai-o rrporl (<n -.onic of tin* rrali.^tic 
a.-j^ms of tlnit. WC know a lol aKoiit lionH'-l>a>t'J lu-trufiion and the 
^a>on- foi* not ronipif^i mi: lionH'-l)a-('(l (-(jur-t^^. 

In nuin\' w ay> lln'-r hi;_:lil \- r:irt cd -t mU-nt •■ -liowf'(l all of t Ih^ l)(diavior 
thai i- fhararicri^t !(• of the dillirnit adnlt^ cnconntrr in roniplclin^ 
lionir-ha-cd coih-p-. ihw <indf*nt- wvvr doin<: thi^ W(j:'': in addition 
to thrir r(Mj-)d:'r >chor>l work. 

Mr. SrnhrKH. Should it he in jihu r of'.' 

Mr. ^I'l'i'K.-. h >hrinld lir- in j)larr' of anri -liouM hr -nh-t itiilin<2: 
for. X'r'iw pn^^thly th" cdirn'm thini: ni:Ldit well he to havf the tcr- 
lUinaU \u -vhool. ( )n(' of tiir prohlf-ni^ wf far^-, t'.\p<'rially if w<» 
inovr from the ijrift(Nl t(( the hiirhly Lrifi^'d, i> th'- -par-c di^t^il)Ution 
of tho-c -t iirlrnt-. 

So, for ('\amph'. ni a popnlaiion of 1 milhon pr()pl(» you riniybc 
will r-ollcrt III tlir 10- \n M -yea r-t I ranirc a Lrrouj) ('f •')() younjiistci'S. 

M'*. >rin:rv:H. ^ mean a milli<>n -r'h(M>l >tudriil.-? 

Mr, ."^r I'l'i-.-^. :\r>. A total pr>j)nla' iofi. 

M r. Sr 1 1 i.i ij;. ."^o III a tni;d pophhition of S ruilliol >U(:li as we 
have in .\i \v V(»rk, \\:ih 1 nnlliiui kni-. you mi<_:hl lni\<" .')()() or 400? 
Ml", Si ri'Ks. in the a-j-*' ranirt- 10 I I, 

Mr. ."^fiiKi KiL 1- tii.ai the i-ai lir I aLif al w hi' h you would tiik(' 
t lirm out ( tl t ht'i r local -fin k )| '! 

Mr. Si'1'|'j:>. In ilic rarluu' cNpri-iciicc uh.-it wr did wa- tf> i<h'ntify, 
!!,' a *rroup iif -< li(ir>U that wcrr ira-onaMx cln-c to ra< h other, a chiHs 
<>t and ihii-c -tudi'Ut- wcir Hmui Ini-crl ju-t for 1 hour p<'r <hi\' for 
llinr mat h; u'.it ir- in-t i-iirt a a: . hriruuunir in the lir-! ^rra<h\ T\\vy 
^T\T'Tr 1)0 ■) In i \v(> -la (Kii-. and w rrc tauirht a -piN'iai >talf ju>l in 
nu;! hcij!?:' thc;i wen! ha'k to thrir ivirular fla-^rooms for 
1 1 if r i'-i f »f I Iw r! ;. . 'i'ha I i - one I: ua I of -r-henu'. 

\:\\ .^('MKIIIIi. d'll!- !- f(U- llir' V<Ty 1 U t cIhm • 1 U a 1 ly iriftrd? 

Mr. Si'i'fu:-. Vc-. in the nf the liiLdily unftr-d wo aoiually 

pii' tmumai- m the hoiiir- fif ihr -lU'li-nt-, and tlir-y wiu'r ahir io 
wi'fk at lioinc. In fa't. wi- wrri- W'tkuiL:' \\illi di-lrici- of nu'diuni 
M/.i' ui ( 'ahlrirnia, and thrrt- •vcic mU imuo than tlii'oc or four hi«^hly 
u'd"!'-»i -tudrnt-- Ml an^ on(> lii (!■! i in ilic aL^r raiiLrr H) M yoar^. 

Mi-. S( nKi i-;i{. In .1 p«i[)idatM>n of what? 

Mr. >t i'i'i-.<. d'hr h.'i-o i^jjuilalion uouM havr la^ai on th- ordiU* of 
'A\ T^n.noi). 
.\ir. >< Mi:rM;. .\:i(l yuu hail !io\\ manv? 

Mr. Si iu'i>. in ( hr Tod.ooi) p(ij}ulatinn rr ai-i-t ir.L'' <»f njayl)^ .six 
-r hoi»i di-fii' t^ wr liad ah'iut Jl yoiuiL^-tS-r-, a- a roiiLdi nu.ndau'. 

.Mr. SriiiM Ki;. That 1-. lari:*' riinuirh LU'ofip lo make it rcononiir'al 
to hruiL!" in -pc'i.'tl icarhrr^ and all ihat? 

.Mr. >i imm:-. \\\ d(Mrnt lali/in-j" tt thi- w a \' and proxhlinLT tcrniinnis 
m ihr lioiiM' foi 'in- lurh'iit to ('iiL''aL'*i' III Hid ! \' id u a I i/<'d \w)rk 

.Mr. i[i;i i;k. .^r> \r"! .'iri' ayin^-* ui -Awy m»! ropoli! mi iM'fa say of 
ovrr a i. ilf milhon thai it makr-. rcnnomw ^rn-r lo collect tlies(^ kids 
and put t he 1 crnunal- in the honie'.^ 
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Mr. SuppE.s. In fact, it undoubtedly would be economical in any 
area above a couple hundred thousand. 

Mr. ScHEUEH. Vou said in three-quarters of a million population 
you had 24? 

Mr. SuppEs. ^Ye had about 24. I don't want to be committed to 
any exact statistic, becau.se one wants to bo careful. 

Mr. SrHEVER. I am trying to think in the context of New York 
City, which is irfjout 7.5 niillion, that' we would have about 250 or 
something like that. 

Mr. SuppE.s. Easily. 

Mr. ScHEUEK. Let us .say you identify them in the first grade, what 
do you do? Do you take them out for that first hour in math? 

Mr. SuppEs. Yes. I think what is rec^uired and what is important 
is understanding how to in.^titutionalize the educational effort. If you 
look at the literature, the power to conduct an ex])eriment or to have 
an educational elFort for gifted students in the fuM 12 years from first 
grade through high school is a (:om])licated thing to put in place, as 
I'm sure you realize. That is, to institutionalize the effort is compli- 
cated, so that it really does happen over the full length of the 12 years 
and it\s not just an experiment that comes to an end halfway through. 

Mr. ScuEUEK. One of the basic problems of institutionahzing is 
how do you gef Congress to look at a 12-year time frame. We operate 
with a 2- or at most a 3-year |)iece of legislation and there are school 
districts that hesitate to go through major structural reorganizations 
of the kind you are talking about here without some kind of assurance 
of continuity. Part of the problem lies with us. How do you get that 
longitudinal effort when we canH function longitudinally. There is no 
way at present that we can fund a longitudinal program like that and 
give absolute assurance. I think we can give some kind of assurance 
becau.se we keep funding an Army, a Navy, an Air Force, and a State 
Department. 

Mr. SuppE.s. Don't you think such a Federal effort for the gifted 
would end up rather like title I, for example. Title I does not have a 
longitudinal guarantee of what the level of approj)riations will be. 

Mr. vScHEUEK. One of the problems witli title I is that we treat our 
successes the way we treat our failures and some programs are smash- 
ingly successful and some don't work at all and they end up just sort 
of expiring by natural cau.scs. We haven't distinguished in titles I and 
in between our successes and failures. We haven't treated our 
successes in a longitudinal way and tried to quietly bury our failures 
with appropriate ceremonies and give additional resources and fortia- 
cation to our successes. That is the point Vm trying to make and we 
have failed to do that in a spectacular way. Let's face it, if we had 
done it, wouldn't we luive institutionalizocl the Head vStart program 
^by this time? Wouldn't we have extenfled elementary education down 
to age 2 or in the public school sy.stem. Everybod}'- knows that 
Head vStart was a spectacular success. It was the gem in the crown of 
the poverty ])rogram, the gem. What have we done about it? It has 
ex|)ired. We treated that the way we treated the Job Corps and the 
way wo treated all of those troublesome projects that grew out of the 




Mr. ScHEL'EK. If thore was any rliymc or reason to the poverty 
proirrani which was an exporimontal program, we would have taken 
whatever .miccesses came out of it and institutionalized them in the 
Anierinin sorioty. If our American scliool system had the brains it 
was horn witli, lookin^^ at it as a corporate tliin^^ out there, they would 
have £rrahl)^d the concept of Head Start and every school system in 
America would have extended public education down to age 2. 
Middle chiss people ilo it anyway. We have our prekindergarten. I 
went to prekinderf^arten 52 or 53 years (\^o. My folks <rot that for me . 
and for my four brothers and sisters. Now we have proved it- works 
for poor people just the way it works for middle class people. That 
should not come -as any fjreat sur])rise to aiu'body, but what did the 
public school system do with all of that evidence as to the spectaculra* 
success of the llead Stai*t })rogram? 

Mr. Sl- ppE.s. ^^hat I want to sav is 

Mr. ScHEUEu. You are evading my question. 

Mr. Slppes. Oh, no. I want to put a comment on your remarks. 
I don't flisjiirree with you, but I do think there is a positive element 
to it, looked at over a long period; namely, the enormous concern for 
the disaclvantas^ed- 

Mr. Sc iiEUEK. But that flows from title I. That's still a Federal 
|)rogram. Local school systems themselves aren't doing that kind of 
work. T wish they were. 

Mr. SuppEs. I want to give you one piece of data to comment on 
that. You mentioned 100 years ago; 100 years ago in 1S70 only 2 
percent of the age population graduated from high school. It was easy 
to train those students. Thev were the best students going — 2 percent. 

Mr. ScnEL'EH..They were really le«>,rning ready. 

Mr. Sl'ppes. They were ready to learn. They would have learned 
anything. 

Forty years ago it was still tlic case that we were only getting 
through high school somewhat less than two-thirds of the population. 

Mr. vScHEUEK. IIow about junior high schools? Weren't there a 
heck of a lot of kids in America who became literate without going to 
high school?. 

Mr. Sl'ppes. Yes. 

Mr. Scheuek. Didn't we have virtually 100-percent literacy 40 
years ago from the kids by the time they finished their education, be 
it f)th, Sth, 10th grade or high scliool. 

Mr. SrppEs. t don't thiiik we'd want to overplay that. I don't 
thi nk we can make a real case that in terms of the total population 

Mr. ScHEi'Eu. That there has been a lesser percentage of ellective 
literacy today? 

Mr. SrppEs. Right. 

The other thing about the problem of Head Start is this; The public 
school systems have a financial problem with the available resources 
to simply plunge into it. 

Mi. Scheuek. It is a question of how they are spending their 
resources. In New York City we spent GO percent of our education 
dollars ourside of the cla.ssroom and 40 percent in the classroom. 
Now that takes a certain kind of genius. 

Mr. SuppEs. But you know what has happened. Because of the high 
percentage of women that are working, the arrangements for a much 
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wider category in the society to have 3"0ung children in day care 
centers— there's been a big change in our society over the last two 
decades. I'm not saying it is all done satisfactorily or that w^e have an 
appropriate follow-on arrangement to Head Start, but the arrange- 
ments are still moving in that direction. 

Mr. ScHEuEu. I drew you a little bit awa}^ from your subject and 
Jl'm sorry. 

Mr. SwANSON. I will try to draw him back. 
Ml. SCHEUEH. OK. 

Mr. Sw ANSON. I just wanted to raise this question. We have had 
the obvious spinoff of the Computer Curriculum Corporation, drill 
and practice, we saw the PLATO system and we had Seymour Papert 
talk about some of his experimental work. All three of those methods, 
drill and jpractice, maiuline teaching and then Papert's argument that 
they really learn concepts by doing programs, I wonder if you could 
comment about your own line of reaserch now and what youVe looking 
at and \yhat you think the major research questions that we should 
be focusing on are for the near term and the long tenns. 

Mr. SuppES. I think one of the things we want to focus on that is 
very promising is cost of hardware. The limitation will be the sophis- 
tication of the software. We will be able to have the hardware to de- 
liver very sophisticated instruction programs over the full range of 
basic skills. And I think on basic skills the real attack should be on 
mathematics and language skills as the most important with secondar}^ 
efforts in science and other areas. 

Mr. SwAXSox. This is mainline teaching provided by the computer 
or in conjunction with the actual teacher. 

Mr. SuppE.s. I don't want to give a simple answer because, for ex- 
ample, if we're talking about first graders I would think of it as sup- 
plementing the regular classroom instruction. At the university level — 
and I have elements of that in my written testimony — I think we can 
offer full instructional facilities by computer. 

For example, I am doing that myself at Stanford. The only way 
you can take introduction to logic at Stanford is by full-time use of 
computer terminals. The coui'se is taught entirely at computer termi- 
nals interactively and I run about 200-and-some students per year 
through the course. We have additional courses above that in com- 
ploxit}*, more technical courses in mathematical skills. So when we ask — 
is it supplementary or is it complete instruction — the answer depends 
on the level. In the case of the highly gifted students I mentioned we 
gave them a course in logic that was self-contained that they took on 
terminals at home. 

To give you an anecdote of what you can get from such students, 
the best student in that group — of course, we are talking about a group 
already that i.s exceptional — the best student in that group at 11 years 
old went through my college logic course at Stanford, which ordinaril}'' 
takes 11 weeks, in 4 weeks. And Stanford students, of course, are no 
slouches. 

Mr. SoHEUEu. And this kid was 11 years old. 
Mr. SuppEs. Yes. 

Mr. ScHEUER. Was this a middle-class child? 

Mr. SuppEs. Yes. One of the black students .ent through it at 
about the same pace as the Stanford stu its. 
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Mr. ScriEUEU. What happened to that black kid after that? 

Nfr. »SupPEs It is the usual case of such funding matters; it's been 
about 4 years and I cannot say where lie is now. 

Mr. ScH^L'EK. Did he continue in a track for educationally gifted 
children? 

Mr. SUPPES. There was no special facility for liim. 

Mr. ScHEUEU. What ha|jpened after you identified him? 

Mr.- SuppEs., We identified and worked with him for a couple of 
years and our funding? stopped so our project stopped. 

Mr. ScHEUEK. How old would that child be today? 

Mr. SupPEs. There were a couple of minority students and they 
would be about 16 or 17 now. 

Mr. SciiEUEU. Wouldn't it be interesting to find out how they are 
doiufc today in the absence ■(>( any .special help? 

Air. SfPPE.s. I could probably identify those students. I will see if 
I can. 

Mr. ScHEUEU. Why don't vou trv to do that. 

Mr. SwANsox. The ETS has evaluated TICCIT and PLATO and 
the results were very mixed in terms of performance. Do you think 
that wns just limited to the kind of level of technical development 
of those systems? Would that be the case for the future? What kind of 
results have vou achieved with your system? 

Mr. SuppEs. Of course, in the case of TICCIT and PLATO, PLATO 
esj)ecially, wns working with a very heterogeneous group of students. 
They were doing some work with imiversity students, some work with 
community college students, and some with elementary school students. 

To ask about the evaluation of PLATO is almost like asking about 
an evaluation of television. J think you want to talk about some 
particular targeted cour.se and population. The effort itself was very 
heterogeneous. Now TICCIT was more focused at the community 
college level and it was more a matter of focusing on a p_articiilar 
j)opulation. I thinkJJiat-iR-the case of the work I have been involved 
j^a tlvH-t-Tre'lrave had some highly successful experiences. I don't want 
to say that we have any magic for doixig that. I think producing 
positive evaluations and having the institutional atmosphere in which 
to do it is a complicated probleiri.T think much can be done by means 
of the use of technology for instructional ])urposes, especially for 
individualization. But I think it is complicated. I think much is 
j)robably going to come out of the PLATO efforts, but they are very 
heterogeneous in character. I dou*t know whether you want a more 
detailed |)ursuit of that. 

Mr. Gam-aoheh. You mentioned difficulty of evaluation. W^e had a 
witness, Dr. O'Neil from DAKPA, and they did in fact evaluate 
PLATO 4 and decided while it mot all performances they rejected 
it, hecau.sc it was not cost effective for DOD purposes. 

Of f!ourse, D(JD had other circunistaiices such as turnover of in- 
structors and so forth. They i^ejected it because of the high cost of 
terminals and the telecommunications .system. 

Mr. SuppEs, To make a comment on the cost effectiveness, if we 
want to focus on this question we want to sc[)arate the cost of research 
and develo|)mont efforts from oj)erational efforts. If we want a strictly 
operational effort where we have a program developed, we use it in an 
operational way and we are not using it in a context of research, then 
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thv of uslni: comj)Utors for instruction cnii be made very efficient. 
The N k 1 have done in association with rompnter Curricuhim 
Cori). Ls an example of that where we are not coiuhicting research 
but vvve are offerinjr stanchird iuiitructional services nsinf]: many com- 
pnl and terminals that are not exi)en.sive. The cost can be brought 
wn- -.lown. In a dynamic fi(?ld like this that is chanj^ring all the time 
W'^ • 'u't want to say thnt everything has to be totally operational 
iiiM .n:ht at the bottom line in*^terms of the cost i)er terminal and 
<-o>: , ..u student. We need a variety of effort. 

Bu't the thi.ng I would I'ke to say and emjdiasi/.e strongly is that all 
of (he evidence is (hat the (ecluiology will be increasingl v efficient 
in (crms of cost. From a research standpoint \hii problem is to learn 
how to deliver increasingly bettor instnic(ional products. It is esti- 
mated that ill anv complicated computer project, the hardware is 
soon going to have a cost of about 20 percent of the total cost of the 
j)roject. One of the tlungs we need and which we don't have much 
of in Federal j)rograms at (he moment is research over the next decade 
as to how to have ellVctive ed'orls. I would sej)ara(e the cost of that 
research from oi)eniti()nal costs. You have exactly (he same thing at 
DOD. It is one thing (o have research at DOD and another to ask 
how can you have eircc(ive use of ins(ruc(ional methods in the training 
connnands. I want to make tha( sharj) separation. I have been in- 
volved in that separation myself. 

Mr. (iAi.r.ACMiEK. Why Isn't industry i)laying a role and why have 
they not brouglit to bear their facilKy in finances and know-how into 
this whole operuiion and instructional t raining? They seem reluctant. 

Mr. ."^in'PKs. I think we will see some fairly dramatic changes in 
the next o or 0 years. There are a number of reasons I think. One is 
that it takes a while for the tec-hnology to niattu'e and second, the 
cost accounting in industry, as far as industrial training goes, tends 
to hide (he cost of training. I( is a very standard |)ractice not to i)ut 
uj) front what (he actual cost of (raining is. So identification of a 
capital ac(pnsition budget for training and (he like is a difficult matter. 
I think we are now beginning to sec major efforts and will see major 
efforts in terms of using technology, not just computers but also all 
of the videotaj)e technology, et cetera, for industrial training. 

Mr. (lALLAcniKu. When' it moves to the home environment, .sort 
of a recreational system in the home adaptetl for education, do you 
think industry will then move? One of our witnesses implied that 
industry woidd do this with or without the permission of the schools 
and that it was going to conn; to pass in 10 years — this equipment 
in the honu' for recreational purj)oscs. 

Mr. ."^fPPK.s. We just wrote a couple of years ago for tiie National 
Itistit ute of Kducation a monogra|)h on homo-based instruction. 
There is a very long history and a lot of knowledge about the problems 
of instruction' in the home. In my own view the new technology can 
deliver very attractive and powerful packages of instruction into the 
home. 

But in order to have sustained and large-scale succe.ssfid efforts, it 
will take more than simply attractive ])ackagcs. 1 think the evidence 
is overwhehning that for liome-bnsod instruction to be effective in a 
massive way it has got to be formal instruction. If you look at the 
efforts of home-based instruction oyer many years, there are a few 
key elements of success. 
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One is that when i)eop]e are engaged in such instruction for pur- 
poses of certification or formal advancement the results are much better. 
So there will need to be a framework of certification, a framework of 
formal credit in order to proj)erly motivate extended efforts by the 
individual. 

There is no reason we cannot have that. In fact, we already see it in 
California. Television instruction is part of the community colleges, 
])artly becau.se there is an increasing demand to service the entire 
community, and partly because of |)robIems of transportation and 
problems of additional capitaliv.ation of the campus. It is easier to 
deliver courses at home. 

Mr. G.\LLAGHEu. Plow many homes will buy this equipment. The 
mplication i.s that this will be absorhcvl into a computerized system. 
How many kids will actually do it on their own. Human nature being 
what it is, they will turn to ''Se.same Street" and other entertainment. 

Mr. SuppEs. This is why I'm emphasizing tha^ you need some kind 
of formal structure. If you have a formal struc'.ure, it will take place, 
I will trive you an example of a beautiful e.\per;ment at one of the 
universities maybe 10 years ago about faculty learning foreign lan- 
guagps tlmt tliey did not know but needed 'for scholarly {)urposes. 
Tliey were doin^r it on a volunteer basis but they had two different 
groups for experimental purposes. One group committed themselves 
to a formal schedule and the other was left to come in when they had 
free time and thought they had an opportunity to study. Til bet you 
can guess which group did better, those who made a commitment to 
foi'mal instruction. 

Mr. G.\Lu\OHEu. It is a Iiuman factor. 

Mr. SuPPK.s. We had the .same thing with the highly gifted students 
when we had terminals in the home. We found it became important 
to .set short-term goals with them as to what they would do over the 
next 2 weeks. Somebody would call them up and talk to them about 
how they were making progress. 

I think Miat kind of setting of goals and putting it within a struc- 
ture is essential to make this massive movement we foresee of in- 
struction in the homes successful. I do not mean to .say it can't happen. 
Let me give you an example of what is going on right now fiiTd what is 
indicative. In Orange County 20 ])ercent of the entire adult ])opulation, 
not just college age, b.ut 20 percent of the adult population in Orange 
County is involved in at least one course at the community college 
level. It almost soems unbelievable. 

Mr. SrHKfKK. It is fantastic. 

Mr. SrppKs. It is a learning society in a real sense. 
Mr. ScuHUKu. ilow can you explain that? How did that over 
hanpen? 

Mr. Si 'ppKs. Wcll^ the community colleges are eflectivcly marketing 
instru(!ti()ual courses that peoj)l(^ want, whether it is knitting or how 
to n pair a television set or an autoiu.obihj or how to become a dental 
technician or whatever. It is obvious that they provide a service that 
coiupletely responds to a felt need on the ])art of the population. I 
think that 20 ])enM'nt of the adult population is unbelievable. It is 
important to renuMuber that practically no countries in the world, 
outside of the United States and the Soviet Union, have 20 percent 
of th(^ (!ollege-age poptdation in sDim^ form of higher education. 
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Mr. ScHKCEn. What about the British? 

Mr. SfpPKs. A low porccntago in Britain. 

Mr. .ScFiLUKK. That is a mind-blowing figure. 

NIr. SuppKS. In response to your question, I think that having 
that formal structure is an important element and industrial efforts 
separatf» from that certilication procedure will not be .successful in 
offering any (U»pth of instruction. 

Mr. Gallacukh. I think there will be difficulty again becau.se of 
the human factor. You have a houseful of kids and somebody wants 
to watch the super bowl game, like dad or something, and the equip- 
ment is tied up on that. And mom wants to watch something else, 
''Loveboat," or whatever. 

Mr. SuppEs. There is a move to the second television set. That 
is moving down in the economic strata, the number of homes that now 
have two sets. 

Mr. GALLAGFrKK. What will this cause, vi.s-a-vis our regular formal 
C(hication svstem to(h\v? 

Mr. Si'PPK.s. I think what is happening is reflected in these figures 
for Orange County. For cxampU% at San Francisco State University 
which is part of the Galifomia State University system, the average 
ago of unchTgraduates is about 2S. The research of people like Fritz 
Machliip has shown that our i(U^as about ecUication beyond the second- 
ary level are somewhat mistaken in the sense that there is a tendency 
for a much bigger segment of the po])ulation to simply continue. 
Even if tliey drop out and don't go to college or they go only 1 year, 
there is a strong tendency for them to reenter the system. So what 
is happening in the societ\v is tliat thej^ stay in the formal structure 
in terms of getting education, even if tliey don^t stay in it continuously. 
The pattern is increasingly for a large segment of the population to 
he in and out of the educational system. 

The pattern of completion of educational requirements does not 
correspond, for a large part of the population, to anything Hke the 
clas:.icial conception of 4 years of college and graduation at 21 or 22. 
This pattern of continuing education is simply taking over the society 
as a whole and it is a ver3* diflerent pattern from anything we ex- 
perienced oO or 40 years ago. The kind of technology we are talking 
about provides an opportunity to facilitate such education in ways 
that simpU* that exceed anything we have had in the past, 

Mr. Gallaoheh. One witness pointed out that the problem was 10- 
percent hardware and 90-percent programing in the future and the 
need for certain types of programers with insight and creativity to 
program those machines in sucli a wa3* as to handle the vast increase 
m knowledge and so forth and so on. 

This is what several witnesses pointed out as the problem. 

Mr. SuppES. r say very much tlie same thing in my written testi- 
mony. There is probal)ly a l)road consensus on tliis point among people 
working in the computer industry that the problem really is a con- 
ceptual one now, (he creation of appropriately sophisticated software. 
It is going to require a massive eflort for the rest of this country. 

Mr. Gali^aoheu. Will this e([uipment be self-programing too? It 
programs itself in its interaction with a student so that it can stay up 
with the student in the dialog? 

Mr. Sup PES. Certainly an objective is to have an adaptive computer 
program, but it is important to distingui.sh various levels of adapta- 




tion. Most cumuit protrniuis adapt in some form to the individual 
student. Such indi vichudiziitioii is an important feature of current 
oflorts. 

On the other hand, it is also very clear that we by no means have 
frot.a-j far as wii can ^^ct in terms of the concept of adaptation. 

Mr. CfAr.L.vGUEu. 1 understand that's all ahead of us. 

NIr. Sui'TEs. For example, the student is doing something in mathe- 
nuitics i)V scitMice and the student gets hung up and is having diffi- 
culty. There are certain things that will be standard, but to analyze 
the difficulties of a particular student at a particular time on a par- 
ticular problem is a very difficult intellectual thing and we have a lot 
to learn about how to do that as effeetively as possible. Wo will be 
working on this matter for a long time. 

Mr. Sc'iiEUEK. Thank you very muclu 

'hisi a e()uj)le of ([uick (|uesiion.s. How about the 34 voung people, 
tlic.-^e bright second grador< in 19G4 and 1905 that you'worked with. 
Vou worked with these kids for 0 years and that would take them 
up to roughly 1070. Now it is 1977. Could yon conipare where tlie.se 
kills have arrived compared to a com])arable control group who did 
not have the benefit of all this stuff and see if they are a little bit 
further on in their educational achievement ami then can you give 
us nn estimate of where they would have been if you had kept right 
with them through 1977? 'Phat is 10 years later. They would have 
been about 0 or 7 then and if you had kept on with them they \vould 
have finished high school. 

Mr. Sri>PKs. They gradmited from high school a couple of year.s ago. 

.\Ir. Sc iiEi-Eu. Vou haven't had nuicli to do with them since the 
sixth grade? 

Mr. Sl'ppes. Right. So our information about them is limited — our 
l)roject was funded for the elementary-school period. 

Mr. ScuEUEu: It should have been funded to take a (rlass of kid^ 
and give them the full treatment and track them right along. 

Mr. SupPEs. But it is the 12-year problem we were just discus.sing. 
At the time we identified a comparable grouj) in ability a year younger 
and we tollowed them along also for several years, in order to compare 
the two gn)ups, but we did not have the resources and have not been 
able to track the two groups after they entered secondary school. 

.Mr. ScHEL'Eit. That's a crime. 

Mr. Sl'ppes. But we were able to make the comparisons at the 
time. It is a typical pnjblem. It is really complicated and expensive 
to conduct su( h longitudimd work. 

Mr. ScuEi Kit. Can we afford not to do it. That's the basic question. 
As f read through this, it is apparent that in terms of the home .study 
instruction you had trouble keeping these kids involved and there 
was a high dropout rate. 

Mr. SrppEs. Absolutely. 

Mr. ScuErKu. In oihov words, their basic intellectual com])etence * 
cxc(»c(led their nu^tivation arul commitment at least in terms of doing 
the homework. 

Mr. Si'ppEs. Two eouunerUs. First 

Mr. ScjiErEK. How come they werer;'t really excited and challenged. 

Mr. St-ppEs. One of the things we found cut about highly gifted 
students is that they have Incredibly busy programs in school, .such 
as going \() musics lessons and ballet classes. 
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Mr. SniEirEu. This stuff didn't re[)hice sometliin^. 

Mr. SupPEs. When we stjiriod workinjj; witli tlieni they were niready 
ronitnitted fro:n 7 In tlie raorami; until 10 at ni^ijht. And tlie second 
tiling tlijit is prohiihly more lni[)ortiint tliey did not recieive academic 
c redit for tlie work witli us — it was an addon to tlie rei^ular ac^ademic 
j)ro<;rjin). We wanted to study sini[)ly how much would they hei^ome 
involved with purely intellec^tual incentives. 

Mr. Sciiei;ku. Without their substituting for something in school 
and without their getting credit and that was a mistake? 

.Mr. SuppKS. What wi* did was perhaps to confirm the obvious.' 

Mr, Sliikckk. i3ut it should have been in lieu of souk thing and 
they should hav(» gotten credit for it. 

Nir. ScppES. That is one of the rec^ommendations that very strongly 
conu;s out of the study that (n*en though wc may be dealing with 
intclh'c.tually vruy gifted individuals the [)attorn of ri^ wards has to be 
suuilar to what wc know about successful home-basi'd instruction for 
all kinds of [)eople. 

.Mr. SciiECKK. As you very well know, when the Soviets identify 
one of these kids and presume he do(»s good work at school he gets 
ii Stalin pi''\/A\ or a Lenin prize, or a Trotsky prize, and he brings homo 
the c(piivaleiit of bis parents [)ay. lie brings home appro.ximately 
what his [)ar(mts make*, if thev are [)rofessional [)eople. And that 
ha[)i)ens throught)Ut his career, if b(^ keeps his nose clean and works 
hard. That's a pretty clear ineentive. These kids basically weren't 
<:oming from disadvantaged homes, Th(^y basically weren't from the 
Asiatic Russian [)()[)ulation. 

Mr. SupPKs. It is the same [)lienomenon in this country. 

Mr. SciiKL'Kit. These are mpstly middle class or upper middle class 
kids, but they still got a. vetw substantial financial incentive. When 
you talk about incentiv(*s, [ sup[)ose you an^ talking about incentives 
that would include acadeiuic cn^lit jind would n'lean this work was in 
substitution for sonu^ other work. Would 3'ou consider a financial 
incentiv(^ as being an ap[)ropriat(^ incentive for these kids? 

Mr. St:pPEs. That would Ix^ a fairly radical departure. We just 
<lon't have such a system in [)lace as a method of reward for students 
in eleimuitary and second ar\* sc^hools. It is another matter, if we are 
talking about scholarships at tb(^ university. My honest opinion is 
that it would not be required for (d(Mnentary and secondary students. 

Mr. SciiKrKK. If they got credit for the work and it was in lieu of 
something elsc^ that would be suflicient to cur.vthis dropout problem? 

.Mr. St. ppK.s. Ves. To giv(^ it a structure and a formal place in their 
acaihunic [)rogr(^ss would do it. 

Nlr. ScHKt'KK. Was this honu* instruction done in close cooperation 
with the local school district? Did 3'ou bring them into the local 
school district? Vou may have ex[)lained that here. 

Mr. Si;ppKs. Tluj stu(hmts were attending the local schools and we 
pbiced the terminals in their homes. 

Mr. ScfiKfKK. Did the schools play a role? 

Mr. .SrppF.s. The schools concurred in the whole .sequence of 
(events, but they did not play a role from the instructional standpoint. 
We were offering material not offered as part of the regular curriculum. 

Mr. ScuKt'EK. And what you are telling me is there has to be a 
greater interface between tlu^ kids and the .school and they have to 
give him cretlit and know what he is doing. 
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Mr. SupPEs. Right. 

Mr. ScHEUER. So the thing has to be more 

Mr. SuppEs. It has to be orchestrated in a very deliberate way 
with the school.^ I don't think, by the way, that it is a complicated 
problcni to do. Thtit can take place, but it does need to be orchestrated. 

Mr. ScHEUER. Well, profe.ssor, as usual with a witness like you 
we have gone way over our time allotment, but thank you very much. 

Mr. SuppEs. Thank you ver>' much. It was a pleasure to be here, 
and I will try to send in an additional .statement, as indicated, on 
the selection and programs. 

Mr. SciiKUER. And how you would structure such a — assuming 
we wanted to put out two pieces of legislation, one on further 
research— and you talk about the research here— and that could 
come out of this committee, and a second piece of legislation which 
woidd come out of the Elementary and Secondary Education Sub- 
committee of Education and Labor Committee and that would be 
how you would structure a research and demonstration project across 
the country— not research, but actually doing it. 

We will hope to talk to you about both of those things. 

The next witness will be Dr. Sylvia Charp. director of instructional 
systems for the Philadelphia school system. Thank you very much 
for being with us. 

[The complete statement of Dr. Sylvia Charp is as follows;] 
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Mr. Chairman, distinguished members of the Committee on Science and 
Technology. . . 

I am speahing to you today as Director of Instructional 
Systems, School District of Philadelphia. I am also Secretary of 
AFIPS (.'Xinerican Federation of Information Processing Societies), 
and chairman of a Working Committee of IFIP (International Feder- 
ation of Information Processing) concerned with the Instructional 
Uses of Computers. 

INTRODUCTION 

The School District of Philadelphia, a large urban school 
district with a student population of approximately 280,000 
students, is concerned with meeting the needs of not only those 
students who may be identified as typical, but more critically, 
those students whose achievement or potential place them at eit.^er 
end of the educational or cultural spectrum. The so called dis- 
advantaged student in Philadelphia is a label given to 1/2 of the 
^ttident population who are economically deprived and 2/3 of the 
students who are educationally deprived. Those students who have 
been identified as gifted or academically talented number about 2%. 

The Division of Instructional Systems of the School District 
of Philadelphia attempts to meet the needs of those students by 
applying the unlimited potential of the computer for instructional 
purposes . 
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IlLl»STfl.\TIQNS OF THE USE OF COMPUTERS FOR INSTRUCTION 



The main thrust of the application of computers in instruc- 
tion in Philadelphia is directed to helping students improve their 
basic skills through programs designed to enable each student to 
work at his or her own rate, provide self -direction for learning 
and thereby improve the known deficiencies. Results from the 
mathematics and reading programs last year with over 3,000 elemen- 
tary school students have shown that the educational gains of dis- 
advantaged students using the computer not only match but surpass 
the gains of children taught in regular classes. On the secondary 
school level, using the 'computer in the subject areas of mathema- 
tics, science, social science, and business subjects has last year 
assisted about 10,000 students in analyzing,^ exploring, and solving 
problems which arise in these disciplines. Many students, particu- 
larly those whom v/e have called "disadvantaged", are often non- 
participants in classroom discussion. We have observed that many 
"reluctant learners" who are involved in computer supported programs 
begin to lose their '.ositancy, respond, and become more active and 
interested learni' . 

Inner city students are most likely to be unaware of the 
tremenJoiis impact the computer will make on their lives. The 
computer to them is a mysterious entity, an enigma, the ultimate 
in automation, a treat to job security and a perpetrator of collosal 
errors. Computer Literacy, a course introduced at the Junior High 
School level, last year provided over 11,000 students with an intro- 
duction to computer concepts*, an .understanding of computer opera- 
tions, some information on how computers are used, and the basics of 
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communicating with the computer. 

Career information, knowledge of occupational opportunities, 
availability of higher educational institutions, and financial aid 
information are of particular value to the disadvantaged student. 
Last ye^r, over 20,000 students in Philadelphia'^Ad s-uburban com- 
munities benefited from a program designed, implemented and kept 
current by the Division of Instructional Systems , using the computer 
to present the above information . 

For the past several years, the School District of Philadelphia 
has been involved in a state mandated program which requires that 
•*gifted children shall have an education that meets their needs". 
The computer has been used for the past 3 years with approximately 
1500 academically talented students who are in grades 3-8. It has 
opened many areas of exploration for these students as they examine 
alternatives and produce some very sophisticated programs. Third 
and fourth grade students are producing interesting computer gener- 
ated poetry and using the computer to advance their knowledge in 
mathematics, science, etc. 

POTENTIAL 

The uses of the computer for instructional purposes has still 
not been fully explored. A national focus is needed to avoid unnec- 
essary duplication, to make the best use of ^the scarce resources 
that seem to be available, and to disseminate the results of what 
has been successful. Back in the early 60's, there was great hope 
for technology. Too much was promised in that it would remedy all 
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the educational ills; Many o£ us have put forth great efforts in 
^developing various programs that would best help our students. Not 
many of us have survived, and those that have, are battling against 
growing financial problems and lack of support both local and state. 

With public frustration over the low productivity of our 
schools growing, and a climbing drop-out rate, poor attendance, and 
low achievement rate, we must explore in greater depth what has 
potential for curing some of our educational ills. It has been 
shown that students using the computer do better work than those 
students in the regular classrooms. However, there has not been a 
total concentrated effort to build on what we have learned and to 
decide how we should continue. Federal monies have been spent in 
research and dev^elopment , but research and development of an inno- 
vation does not lead to automatic adoption. Means have not been 
provided whereby the educator can adopt the innovation in his own 
school or district. As much systematic effort is required to in- 
vestr "ite how to disseminate an innovation to schools, as is. re- 
quireu in its initial development. Both must be backed by firm 
financial commitment. 

IVHAT IS iNEEDED 

* Greater flexibility and coordination in Federal Guidelines - 
At present monies are available from Title I, Title III, Title IV, 
etc. and the Vocational Education Act. These are specific on who 
can and cannot benefit from the funds. It must be recognized that 
the computer is a common resource and artificial guidelines drive 
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up cost. What resources and materials are needed are best under- 
stood at the local level. 



the computer - resources are needed at three levels. 

1. National funds - to supply high quality packages for 
general use 

2. Regional funds - to prepare material where regional 
needs are similar 

3. Local funds - to meet the needs of the particular local 



* Training programs - means must be provided to upgrade the 
staff in the area of technology. This may necessitate the return - 
of the National Science Foundation Institutes; 

* Support for research - the programs that are presently in use 
need to be evaluated and plans to be made for dissemination if these 
programs are successful. 

* To amend the ESEA legislation to include funds on application 
of computers to instruction with a large component for R § D. 

* Creation of a Technology and Education Act of 1978 to help 
solve the problems of urban education with sufficient funds ^to 
examine best uses of existing and future technologies for instruc- 
tional purposes, including the exploration of an all technology 
school, the training of teachers and administrators, development of 
courseware, and how to institute instructional change. 

* A firm commitment ; truly e:tplore how to best use technology 
for instruction. 



* Much more curriculum material or courseware to be used with 



situation 
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STATEMENT OP DR. SYLVIA CHARP, BIRECTOR OP INSTRUCTIONAL 
SYSTEMS, PHILADELPHIA SCHOOL SYSTEM 

Ms. ('harp. I want to thank you for the opportunity of hein^ here. 
1 am speakin<r to von to(hiy as (Hrector of instructional systems, 
school (hstrict of rhihidelphui. I am also secretaiy of AFIPS— 
American Federation of Information Processin^r Societies — and chair- 
man of a workincr committee of IFIP—International Federation of 
Information Processinjr— concerned with the instructional usefj of 
computers. 

I am (hrector of instructional systems for the school system in 
rhdadelphia and I am concerned primarily with the 'use of the com- 
puter for mstruction. Tliat is my main cliarj^e in the school district. 
\\e first became uivolyed with computers in 1966 when we received 
a title I errant of SI.:] million to investis:ate how to use computers in 
tlie educational environment. 

Since tlien we have <rro\vn, and last year, we had 70,000 students in- 
\^)Ived with about 400 terminals in elementary and secondary schools. 
>\e have investipited various api)roacIies on how to best use the 
computer in the Y-Iassrooni. 

We work i)rim}U-iIy with the disadvantarred, since Philadelphia 
has one-half of itu i)oi)ulation disadvantarred economically and two- 
thirds (hsadvant?i<red academically. We also have pro^^rams for the 
Lifted, who constitute about 2 percent of the total population. For 
the past :i yeai-s, there have been 1,500 <^ifted students usin^- the 
comi)uter. * 

Mr. SoiEUEu. How do you identify the gifted children? 

Ms. (/n.vup. Tliere are various tests that are given. 
^ Mr. SciiEUEu. At wliat age do you give, tliese te.^;ts? 
* Ms. Cn.vRp. To enter the computer program, the gifted students 
are usually identified in grade three, at approximately 8 years old. 
Ihe i)rogram we are working with is for students from grades three 
tiirough eight. 

Mr. ScuEUER. What percentage of your total school population are 
gifted chil(h-en? 

Ms. Cn.vRP. About 2 percent. 

Mr. ScHEVEit. Your total school population is about two-thirds 
disadvantaged. 

Ms. ('h.vhp. Right: two-thinis academically, yes. 
Mr. ScHErER. Are most of them minority children? 
Ms. CuAKP. It's now about 60 percent. 

Mr SfUETEK. So you have 60 percent minority children and about 
two-tlnrds, another 6 to 7 percent, or whatever, w^ould be white' 
low-mconie chihiien? 

Ms. ( 'iiAitp. Yes. , . . 

Mr. Sc-HEi-Eit- How does your 2 pendent break down in temis of 
black and white? 

.\fs. CirAKP. I'd say itV; about 60 to 40, 60 constituting the black 
I)omdation and 40 constituting the white population. 

Mr. ScHkfRR. That s very interesting. So, apparently, you are 
rearhuiir the l)hick children who are intellectually irifted even tliouo'h 
one might presume that they wouldn't show up as well on a test a.s 
the white children? 
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Ms. Charp. That's true. 

Mr. ScHEUEu. Professor, do you have any reactipn to that? 

Mr. SuppEs. That is about w:hat I would expect to happen. 

Mr. ScHEUEK. I would have expected the tests to have identified a 
lesser |)cr(:entat;:c of bhick kids as intellectually pjifted than in tlie |)0|)- 
uhition at hiri^e, sini|)ly because, even though 1 would |)resume there 
wouhi be the same percentage of intellectually gifted children, I 
woukl not have expected that to show up in routine tests. 

Ms. Ch.\up. Many of these routine tests may not be |)en and pencil. 
Identification also results from teaclier recommendation. 

Mr. ScHEUEu. That's not a test but a teacher's perce|)tion. 

Ms. Ch.vup. a teacher may rccofrni/.e exceptional abihty. 

Mr. SciiEUKK. The teacher perceives that little Jolmny 

Ms. Ch.\rp. Is too suuirt for this (ilass. 

Mr. SriiEUEK. He may not function at sucli a level 

Ms. Ch.vrp. Students are given an IQ test. Over 1:^0 IQ is being 
used as one of the criteria for the identification of the gifted, along 
with a psychological examination. 

1 wanted to sliare witli you tociay, since I've been involved in this 
field for so many years and since 1 have liad so much experience, 
some of our problems in using com|niters for instruction and some of 
the things we've learned. 

One of the |)rinuiry j)rol)lems 1 have liad in trying to ])romote the 
use of ronirjuters is a Mack of understanding on the part of the top 
adniimrtri«;i>i's as to wliat computers can do and what they cannot 
do. In order to ])ut computer |)rograms into the schools (we do have 
some kind of coni|)Uter program in every one of our senior high schools, 
and we have programs in almost all of our junior liigh schools), we 
must educate the administrative stafT. 

When there is a money crunch, Tm sure you are aware of what is 
happening in Philadelphia right now with the schools |)robal)ly being 
closed oh Friday — it's the com|)Uter program that's one of the first 
programs that gets dro|)ped because people don't understand the full 
significance of the value of conij)uters in the classroom. 

That has been one of our big |)roblems. The administrators lack 
the knowledge of tlie computer cajiahility. 

Mr. ScHEVEu.- You're only talking about 2 percent of the school 
population. 

Ms. CuAitp. I'm also talking about tlie 60 — the other |)rograms. We 
have 7(), 000 students who are involved using computers in some way. 
Mr. SciiErEK. Out of 

Ms. ('haup. Out -of 25s,nnn. 

Mr. ScMEVEu. So that's one quarter. 

Ms. CuAitP. We do have many students who are using computers, 
but if you think of "00 |)ercont being disadvantaged, there are also 
many students wlio are not involved in our |)rograms. 

Our program at the end of last year sud'ered, because when the 
budget crunch cam(\ and j)rograms had to be eHniinated, some 
C(Mn|)Utcr |)r()grams w(u'c (h'oppcd Ixutause money wasn't available. 

But that i-, I think, maybe our fault in that we haven't educated 
our administrators. 

The other part that you brought u|), Mr. Chairman, is that we have 
nf^ long-term commitment from the various funding agencies. We get 
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title I moneys for a year. We get title IV for a year and there's no 
continiiit3\ 

Mr. ScHEUER. I wish I could give you some comforting words. 
M>. Chau}'. But that's still a problem. 

The other problem is that there really is little course\vare — and 
Dr. Suppes brought this up — for the disadvantaged or the gifted. The 
hardware has developed to the point where it cuix be acquired fairly 
economically, but we have to develop most of our own courseware. 
So whether we're working with the gifted or whether we're working 
with the disadvantaged, whether it is using computers for the tutorial 
approach, or whether we mean computer-managed instruction, we've 
had to do our own development. 

And then, of course, the next problem is tho lack of teacher prepa- 
ration. That is a- big problem. The teachers really don't know how to 
use them efficiently in the classroom, and they are sometimes afraid 
of the computer. 

Mr. G.\LL.\GHER. Are they fighting it? 

Ms. Ch.-vrp. We really have to do an education process, which we 
do continually. 

Mr. ScHEUEu. We had the testimony of Dr. Harvey Garner who 
is the superintendent of schools in my district, the First Congressional 
District in New York City. He has an extensive computer program in 
his area. He described to us how hostile and threatened the teachers 
felt before it came in, but after they had some e.Kperience working 
with the computer program for a year or two, they were enormously 
supportive and actually bargained Collectively^ to keep it. They began 
to perceive it as totally u support for them as well as a learning 
opportunity for the kids. 

aIs. Charc. We've started a course which I think vcnWy should be 
In most schools, and that's computer literacy, where every student 
who is in the eighth-or ninth grade would learn about the computer, 
how it all'ects the world around them, and what are the implications 
of computers. This program is introduced in the junior high school. 

When the students enter senior high school, they' say to their 
teachers, *'We know something about computers, how is it you don't?" 
So we get the reaction from the teachers, who say, **Help us to learn 
about computers so we can work with the students." 

Of course, knowing about computers has to bo part of everybody^'s 
life. 

Mr. ScH EL'ER. .A whole e;^?neration of Americans, let's say, 25 
years and older have had no ovposiire tQ them at all. And I would 
say 90 percent of the Members of Congress know absolutely nothing 
about (!omputers an I we ouglit tf\ 

We are now beginning to get computer terminals in our own offices 
and after a couple of years I guess v/e'U be more personally aware of 
the opportunity 

Ms. Cff.vup [continuing]. Of what they ran do. 

Mr. ScHEi'EK [continuing]. Of the facilities and services and sup t 
that onq)uters offer us. We'll be able to imagine a little bit more 
creatively how they can be used to suf)port the kids. 

Ms. Cff.\Rp. We've shown increased gains in course areas. I mean 
just as you said, the superintendent from Brooklyn does have records. 
vVe do. We have records where we've shown youngsters 
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Mr. ScuEUEH. But that's not the point Vm makino:. The point I 
ni:i(le is that teachers \\4io folt hostile and threatened before the 
computer entered their lives, after workin*: with it, be^ran to [)crceivc 
it as a .su[)p(>rt to them and a way of extending their own capabilities 
and enhaneini; their own teachin^i^ situal ion. 

Ms. Cji.\iu'. I want to come back to the point of educational 
pro^rress because i)ef)[)!e always ask me, "\ou s[)end all this money 
on computers, how do you know how pjood it is?" We do have research 
to show that students have increased two and tlu'ee j^ratle levels in 
readin^c and mathematics, in the course uf 1 year. 

Nlr. Gallagueu. You point out lliat educational ^^jains of the 
disadvantatred students usin<; the comi)Uter not only matched but 
surf)assed 

Ms. Ci\\i\v. That's rijrht. 

Mr. (iAi.LAcnER fcontiniiin^]. The trains of children tau^^ht in 

retrular cinssrooms 

.Ms. C'liAUi'. That's true. 

Mr. (iAi.i.AGFiKu [continuinir]. Xot only in scliool district IS in 
Brooklyn but iho west coast out there at Whittier, they turned 
around a lO-year drop and revei^sed that drop and they're f^ettini^ up 
almost to the national norms now'by use of this computer which'^the 
witnesses said irave a lot of the disadvantaf^jetl kids who had been 
beaten down all their lives a chance to realize that thev had a little 
bit of input and now they had a little role to play with'this machine 
an<! apparently it had a theraf)eutic elFect beyoni'l their anticipation. 

Ms. CuAHi'. We have really learned ihat computer^ are verv effec- 
tive in the classroom. There's no (piestion about it: tlie motivation 
of usinir computers is definitely evident. It has raised levels of reikding 
and mathematics. ^ 

Int(uvstingly enout;h, it has nnsed the reading: level, no matter 
wlnit t;ie subject matter, because of the fact thnt students are rearlini^ ; 
it raistvs their undcrstimdin.ir of the subject matter. We also know that 
the traditional methods with the disadviintn^^ed student and the 
triftcd student consistently have not worked in education. We have 
learnerl thnt over the yejirs, nnd whnt we are trying to do is s:Wg 
te(dmoloL^v an oi)|)ort unity. . ^ 

Whnt we really haven't understood is that developing any kind of - 
progrnm to be used mi :i large seah^ takes time and n long-term com- 
iriitm<mt. What n^iIlN' concerns mc* is that we really don't have a lonsr- 
term commitnu^nt on exploration of technoloEcy in the classrooin. 
There are (piite a nundx'r of projects around Vhe couutrv and any 
coordination of effon is not evident. We know com[)Uters are effective 
nnd we know they cun assist h»arning, but there isn't a loui^ term 
commitment. 

Mr. Oali-aghku. .\SF has withdrawn support from both PLATO 

anfl TK -CMT. 
Ms. Cfiaiu*. Yes. 
Mr. ScuKL-Kit. Win- 
NTs. Cii.Nrip. First. PLATO is like the ( adillac of the cr)mputers. It 

is extremely efre(iive and wonderful and I wish we could afford the 

terminal, but we can't. It is extremely exj)ensive. 

Mr. (lALi.AGriKK. A witness d^id respond to that ([uestion that 

ai)parently other j)rogrums have been negleetetl because of the 
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concentration of NSF on PLATO and they felt now was the time to 
get^baci and. share, tlie^pie morc At'Lth-Othen-programs ' 

Ms. Chaup, PLATO put out a fantastic piece of hardware, but they 
really did not develop much courseware. So now Control Data is 
trying to work with some research organizations to develop some 
course material. But not manv school .svstems are going to be able to 
afford PLATO, i think it rents for $1,200 a month. 

Mr. ScHKUER. For \\hat? 

Mr. Chaup, For the teriuinal and some courseware that they have, 
Mr. ScHEUER. Is that enough for one class or a lot of classes, 
^ Ms. Chaup. It is on a one-to-one basis, 

Mr. ScHEUEK. How ninny children caii use that one terminal? Is 
that for a whole class? 
' Ms. Charp. For one child. 

Mr. ScHEUEU. How many children could benefit from that per 
month. 

Ms. CiiAUP. If you fio-ure a. student ses--ion is going to be 20 to 25 
minutes per day, how many students can utilize the terminal during 
the school hours, maybe 85 or 40? 

Mr. ScHEUER. Not 35 or 40, if it is two per i^.our. 

Ms. Charp. Three per hour. 

Mr. ScHEUER. Vou are adding more hours. 

Ms. Charp. Sure. 

Mr. ScHEL'ER. If I make it 2 per hour for 6 hours, that would be 12 
kids per day. 

Ms. Ch.\up. We found that students really can't sit there for a 
half hour. Maybe 15 or 20 minutes is all they need. 

Mr. Sc-HEX'ER. Let's make it 15 minutes and sa^- 20 or 25 kids pep 
dav. And they should have it every day at the same time? 

.^Is. Chaup. Depending, yes. 

Mr. ScHEi ER. v^o you are talking about 25 children per month bene- 
fitins: from a terminal that costs $1,200. 
Ms. Chaup. It vents for $1,200. 

Mr. ScHEfER. Vou are talking about $30 per month per child. It's 
more than that. 

Ms. Chaup. It's Sl,200 per month ])er terminal. 
Mr. ScHEfEU. It's about $40 ])er child.- 

Ms. Chaup. It also depends on whether we are f^oing to use it only 
for mathematics and reading. There are now materials developed for 
the basic skills. 

Mr. ScHETEK. That's about SoOO per year. It's a lot of money but, 
on the other hand, if there is a veal ])ayofT there in temis of educa- 
tional pvonrre^rs, it is worth it — is this the kind of computer technology 
that, due to the new miniaturized circuitry, is likely to go down in 
pvirc o\ er the next couple of years? 

Mr. SuppEs. Sure. 

Mr. ScHKrEU. We have heard from some previous witnesses that 
a eom])uter that cost $1 million 10 years ago cost $50,000 5 years 
ago. costs S7o0. today, and will cost $.50 5 years from now. Wouldn't 
it at least pay us to do the research and demonstration work now and 
hope that tiie ])rico of computers will '^me down soon? 

NIs. Chaup. Absolutely. 
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Mr. ScHEUER. And you fire saying that we really haven't developed 
th cjnoiirso materitil? ■ 

Ms. Charp. Right. In many cases we haven't. I would like to see, 
for example, .an all-technology school where we could explore tech- 
nology to the furthest and .see how far we can go in education with 
the teclinology that is around today and which may be available 
later. How to make it cost effective^ and how to measure the gains 
of the student from the time he comes into the school until he leaves 
should be examined. 

Right now it is all piecemeal, and nowhere have we looked at the 
total student. These are areas that are still missing. We have not 
even disseminated what is good into other places. There are a lot of 
good things around, but nothing is being done about it. 

Mr. ScHEUER. This is why I said that we treat our successes lik 
we treat our failures. 

Ms. Ch .VRi'. There has been too little effort. It is verv frustratin"" 
for those of us who have been involved and have devoted quite a bit 
of our hvcs. We xecognize the fact that though we really believe in 
computers and that they do work in education, we haven't been able 
to make much headway. We have just been scratching the surface. 
When there are financial crises in school sj^stems, the computer is 
looked on as an add-on expense and is alwa3's in danger of being 
eliminated. 

Using the computer is extremely effective for career information. 
It is effective in teaching reading'skills. There are many uses. The 
whole area of computer-managed instruction — using the computers 
to keep a record of where the students are and issue individual pre- 
scriptions—is another area we haven't really explored. There are manv 
areas that still need examination. 

Mr. G.vLL.vGiiER. But the DOD couldn't afford PLATO. They re- 
jected it. 

Ms. Ckarp. It's the old .story. In the beginning people couldn't 
afford television, and as niore people began to buy TV's thev became 
io\ver and lower in ])rice. We are ho])ing that more i)Cople w'iil get in- 
volved in computers, and so the prices will come down. Right now we 
have a network of terminals with telephone lines. We hope eventually 
to decrease the cost of telephone lines. 

We hope that the new technology will ])rovide for self-contained 
com])utcrs. These will he in the classroom without need of communica- 
tion lines. 

Mr. Gallagher. That is only if industrv starts to move in in a 
mass way like it did with television. 

.Ms. ('k.\rp. Right. These are the kinds of things we are hoping. 
But I am interested ])rimarily from the instructional standpoint as to 
how offoctivp it is and will it work. 

.Mr. Gallagher. One of our witnesses said that the educational 
side that you are talkinjr about will piggyback the entertainment side. 

Ms. ('harp. I'm hoping it doesn't. To me the instruction is far 
more important, and 1 think we have done enough work in it now that 
we ought to have a mnss effort to .show what we can do. 

Mr. Gallagher. That^won't be done by industrv because of the 
profit motive. 
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Ms. Charp. It maybe; but there are many Federal funds, available, 
like title I and title III, which ^ve should coordinate. If there ^vere 
provisions for technology added onto each one of the titles, we could 
make progress. 

Mr. ScHEUEU. This has been stimulating and provocative, and ^ve 
thank you very much. Dr. Chaq). 

We would next have Dr. Dorothy A. Sisk, Director, Oflice of the 
Gifted and Talented, Bureau of Education for the Handicapped. 

(The com])letc prepared statement of Dr. Sisk follo^vs:] 
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Mr. Chainnan, I am pleased to be here t;oday to tell you a little bit about- 
how the Office of Gifted and Talented in the Bureau of the Handicapped is 
attempting to bring the benefits of computer technology to^vlnpruve educa- 
tional opportunities for 2.5 million gifted children. The use of computers 
can present the greatest help and challenge to the gifted child and undoubtedly 
figure heavily in obtaining appropriate educational opportunity for all 
gifted children. The provision of appropriate education for all gifted 
children is the major educational goal of the Office of Gifted and Talented. 

In helping to Insure appropriate education for gifted children, the Office 
of Gifted and Talented has encouraged local agencies and state agencies to 
develop enrichment programs for the gifted and talented that involve the 
use of computers. 

The most rapidly developing use of computers in the education of gifted 
children is computer assisted instruction in regular school programs and 
special Rifted classes. The computer can perform two missions. First, 
It can provide the comprehenaive Indepth information that the regular 
classroom teacher cannot always provide -for the gifted student and it 
can provide for intuitive thinking. Secondly, it can provide a gifted 
child who is particularly creative and adept in expressive abilities, a 
new way of expressing their Ideas. 

Thus, the computer can serve as a means xor gifted students to acquire 
information at the rapid pace they are capable of learning and acquire 
the use of the computer as a viable and necessary skill for the coming 
age of technology. 
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In 'Los Angeles Unified School District, where there is a resource -math 
teacher, there is computer equipment used with primary and secondary 
studentJ». The students' learn the rudlaents of computer progrananing 
(Basic and Fortran). The instructors note that gifted children learn 
the programs much more readily than adults as they are le^s inhibited. 
Teacher, Sharon Mountford reports that not only does the computer allow 
the gifted elementary child to use their high level of thinking skills 
and learn math concepts such as integer division, 'real numbers* i and 
exponential notation, but it helps-to teach them the much needed skills 
of 'work. Children must 'bubble' (fill in) the proper blanks on IBM cards. 
•They learn accuracy in coding which carries over into other studies. 

Dr. Adrienno Samuels from Lake Bluff, Michigan states that their gifted 
5th and 6th graders study the maretials on an independent busis from a 
b(K*- entitled My Friend, the Computer , and thereby qualify for a two month 
workshop that. Introduces them to programming the 13M5100 Computer which is 
donated by IBM corporation. 

Another elementary effort shared by Debbie Nolan from Carlsbad, California 
is the use of the newly marketed, highly versatile and economical IMSAI 80-80 
computer and terminal which sells for under $A,000. It is being used in 
developing a p'^ogram for 5th and 6th grade gifted students. 

Still another example of elementary children successfully using computers 
is given by Nedra Harkayy from Hampton, Virginia. She states that they 
have been using computers with gifted children as young as second grade. 
The children use specific ccsmputer games and become knowledgeable about 
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the mechanics of using tenninals. Gifted children prepare and design 
flloplc programs in nathexnatics and creative writing. Students do Indepth 
independent studies in physics, chemistry, algebra, and geometry at the 
secondary level. Mrs. Harkavy reports that simulations available on 
Cathode Ray Tube tenninals enable gifted students to delve Into complex 
activities because repetition of basic formulas arc no longer a requisite 
for each similar activity. Each terminal costs $2,500 and there are 5A In 
the Hampton schools. 

Many of the programs at the local level are on a time sharing basis such 
as the following: San Leandro, California uses computers on a time sharing 
basis which cost about $1,000 a year. Gifted students learn to program 
computers, develop programs for others on request for curriculum use, such 
as a highly popular 9th grade remedial speller. The students* attitudes 
and enthusiasm was very high In computer programming and the experience of 
helping others helped to build a sense of service In the students. In the 
San Leandro project there was only one terminal with limited amount of 
use for «ach student. The program existed for 2-3 years and had to be 
dropped because of cost. 

Phaenlx, Arizona has a computer programming course in seven of their 31 
schools with computer terminals. Bobbie Shoob states that the computers 
are utilized on a lease purchase basis. The school district pays for the 
telephone service ,ind the Honeywell corporation donates time sharing on 
their computer. 

Many successful efforts in the ust of computers with gifted were initiated 
through federal programs such as the following: Mission Viejo High School 
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has a'cooputer which was purchased under a Title III grant. They have 
developed courses for gifted students with special classes being held 
bef.ore school for gifted high school students and after school for gifted 
6th, 7th, and 8th graders. 

Anne Arundel Public Schools developed computer application in geonictry 
and chemistry courses in the areas of: prescription and diagnosis of pre- 
test and post-test data, computer simulation of problem solving in chemistry 
and computation in both subjects as a result of a Title III grant. The 
director. Dr. Neal Fertitta, reported high enthusiasm on the part of 
students being taughn. He stated that for the gifted student, opportunity 
for exploring and problem solving challenges nust be provided. This project 
Is a fine example of how cotaputers maintain the high leve] of interest of 
gifted students. 

Another example of how federal noney stimulated program growth is Paducah, 
Kentucky which began a project under Title IV-C and cost less than $20,000. 
The use of computers helped the morale of the teachers and allowed them to 
be creative in establishing a course called Chcmics at Paduca>i High School. 
Dee Beck the teacher, reports that seniors identified by achievement, IQ, and 
teacher nomination are involved Jn a class which combines physics, chemistry 
and computer theory. Three teachers are involved with the 36 students, ' one 
teacher In each of the three areas of "physics, chemistry and computer theoi'y. 
The goals are to learn basic and advanced chemistry and physics; to see 
relationships between the disciplines; write their own computer programs; to 
study application of computers for mcdiclnr, space and other areas of science 
and humanities; and to i5roject future uses of the computer in their lives and 
for society. The program is also assisted by professors at Murray State. 
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The Paducah program Is exciting and they want to do more by adding computer 
equipment, so they can have advanced biology and psychology. 

Many fine diversity Community Centers are available for gifted children 



is the program at the University of South Alabama, the University of 
Wisconsin, Johns Hopkins University and the University of South Florida. 

To spotlight the University and College bffort, Clairmont Men*s College 
in California could bo exanined. Dorothy Seiberling reports that Clairmont' 
Men's College works with gifted 5th and 6th graders who are taught basic 
computer language and learn to write their own programs. Clairmont would 
like to expand their program, but are hampered by lack of funds and trans- 
portation. 

Community Colleges have also shovn their support in providing computer 
time for education as reported by Norm Soderstrom in which 6th, 7th and 
8th grade students in Arlington Heights, Illinois work with a professor from 
Harper College for 6-8 sessions.. The students learn about computers, pro- 
gramming computers and other related areas. Soderstrom reports that the 
students create their own programs and are then scheduled time on Harper 
College computers to .run thtsi. 

Arlington Heights would like to have their own computer terminal to expand 
their offerings for g'fted. 

Non-profit aj^encies such as parent groups have also shown interest In 
sponsoring computer use with gifted. Dr. Ellie Hall, professor at the 
University of Michigan reports that the Ann Arbor public schools have a 



in co-operation with University run 



gifted classes, for example there 
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computer program for gifted Junior High students In math. Computar tine 
was donated by Industry and the Ann Arbor Association for Gifted paid for 
materials. Students as'sembled computer circuits to earn computer parts and 
constructed their own computer. At Coosaunlty High School the teacher Ed 
Hemsteln states that far more Is possible with more funds and support for 
an *ln school* cooputer program. 

The Gifted Student's Institute at the University of Michigan also reports 
that students who participated In a career education program at the computer 
center were enthusiastic and excited about careers In computer science. 

One of the serious problems that we have In education of the gifted has been 
recently re-examined and that Is the talent loss of young peop?.e who do net 
use their potential. William George and Sanford Cohen from Johns Hopkins 
University report that there Is considerable loss of the top talent Interest 
In math and chemistry to biology as a career choice. Part of the hypotheses 
for this loss may be the way In which these high school and college courses 
in chemistry and math are taught. Gifted students need to be challenged wit? 
problems and see the fascination in the applied aspects of math as in physicc 
and computer science. 

The use of computer assisted education Just may very well be the key to more 
satisfying teaching for teachers who are frustrated by not being able to 
adequately reach their gifted and talented students as well as being equally 
beneficial for gifted students who nned the freedom that computer assisted 
instruction affords. 

Many College students have taken advanced College courses on computers such 
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as those offered in Houston. Peggy Krens reports that the High School 
level coQpound of Vanguard had PIATO for use with students for over a year. 
Thtt atudencs and teachers found it a very challenging, stlmlating and creative 
teaching tool. 

Computer assisted instruction is extremely important in sparsely popula£ed 
areas where there may be a small number of gifted children requiring assistance. 
Peter Larsen reports that computers provide opportunities for intercommunica- 
tions with their gifted children. In the Kenai ?ennisula Borough school 
district, Kenai, Alaska, they arc developing a program to have gifted science 
students communicate with other students in the areas of the State to explore 
common scientific problems. 

This need for computer assisted instruction for gifted would be true in 
sparsely populated states such as Montana, Idaho, Wyoming, Nevada, South 
Dakota, Nebraska and other states having sparsely populated areas. 

Needless to say as the examples described herein have shown, there is 
considerable interest and awareness on the part of educators for computer 
use with gifted students. However, one ongoing problem is the education of 
, teachers Lo utilize computers, Gil Brooks from Cleveland, Ohio states that 
hft plans to develop au In-servlce program for 20 teachers from various 
disciplines in co-operation with Cleveland State University and Dr. Samuel 
Spiro as there are terminals In elementary schools dealing vith curriculum 
Cor gifted that are not being uned because the teachers do not know how r.o 
use them. 

Few Universities off#>r courses In computer assisted Instruction and even 
fewer opportunities are available for teachers '-o take computer programming 
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or a computer course in their training programs. 

I 

A crucial need is assistance for training teachers and training people 
to write programs. The avarencs» of the importance of computers to gifted 
education is well stated by a teacher in Phoenix who said, "gifted students 
live in a computer age and have definite need to understand the whole concept 
of computer progra;mning and the many values it sen/es in our society." 

An example of the fine materials that can be developed by educators is the 
Title IV project in Tallahassee, Florida. The format of the various manuals 
are attractive and appeal to gifted children. Thu^se types of materials 
would also be useful with teacher education as well. 

In summary, computers offer a wide level of potential use for the gifted. 
In some instances the computer may be able to provide the assistance that 
the gitted child needs to remain in the regular classroom with their own- 
age mates. In some Instances the computer aay provide the profession with 
the information and data required to help plan and deliver the education 
required by any gifted child. There are questions as to coflt effectiveness 
of computers, however if computers can reduce the need for highly trained 
gifted specialists, and can assist the gifted child, the benefit to society 
of another Einstein cannot be calculated. 

As can be deaconstrated by the cited programs throughout the United States, 

vc know gifted children can learn from computer instruction and that computers 

can help provide a more comprehensive curriculum for the gifted. 

With the support of the Congress, the Office of the Gifted and Talented in 
the Bureau of the Education for the Handicapped will take the initiative 
to sponsor research and demonstration activities to develop applications 
of modern technology to educating gifted children and to assist states and 
local agencies In implemanting these new techniques. 
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STATEMENT OF DR. DOROTHY A, SISK, DIRECTOR, OFFICE OF 
THE GIFTED AND TALENTED, BUREAU OF EDUCATION FOR 
THE HANDICAPPED, WASHINGTON, D,C. 

Ms. SisK. I would like to introduce Robert B. Herman, who is with 
rue today from the Bureau of Education for the Handicapped. He is 
the Associate Deputy Commissioner, Mr. Scheuer. 

Dr. Sisk and Mr. Herman, we are very happy tc have you here. 
We have heard about the absence of computer-assisted programs for 
the disadvantaged children and especially for the gifted children. 
What is your response? 

Ms. Sisk. First of all I would like to thank you vory much for being 
able to come and explain somewhat what uiy testimony represents. 
When I was asked to appear before this committee I was attending a 
National Association for Gifted Children's Conference and had just 
g^ven a presentation called "The Age of Technolog}^: An Invitation 
and a Challenge to Gifted." 

I would like to share the response that the Conference audience 
gave to the topic. There were about 1,000 educators involved with 
the gifted either at the administrative level, the teacher level, or the 
teacher training level. Many of theui who were involved in computer 
education nodded assent to the importance of technology to edu- 
cation for the gifted. However, some of the educators began to look 
amazed as if thev felt little irupact of science and technology would 
ever affect the clas.sroom. 

Primarily, what boggled the educators' minds was the involvement 
that 1 was predicting in terms of the use of technology in the classroom. 
Much of the technology I wus projecting for future use in the regular 
classroom is already in use in some classes throughout the United 
States; for example, computer-assisted instruction. 

To my amazement and, I guess, disnuiy, man}' teachers evidenced 
fear in using computers. Many openly stated that tliey luid never had 
any courses on dealing with computers at univei-sities. As they learned 
that there were cohiputer-assisted programs for elementary gifted 
children in physics, nuith, algebra, and chemistr}', you could see many 
teachers shrinking bafk. The response that I received was that they 
were ''elementary education majors" and that the}' did not feel ade- 
({uate in responding to Computer-assis ed education. 

Mr. ScHKfKu, Do elementary education majors today coming out 
of our schools have a comfortable relationship with computer learning? 
Are they taught how to work with computers? 

Ms. Sisk. From the overwhelming response I have received from 
teachers, I would say most teachers have not had courses or formal 
instruction in the use of the computer or any familiarity with its 
impact in the classroom. 

Alr.'ScHECER. People coming out of our teacher's colleges? 

Ms. Sisk. C oming out of university teacher training program. 

Mr, ScHKUEK, That's absolutely amazing. 

Ms, Sisk. One of the reconiniondations that is involved in the 
position paper on tpchnolog}' for gifted concerns, teorher training. 
It is recommended that there be courses in computer technology and 
courses in writing programs for computers for classroom teachers. 

Mr. ScHEUEU, How do we get those courses into being? 
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Ms. SisK. Lot mc give you an example of ho'^r that might happen. 
In Paducuh, Ky., there was a proj^ram criled CHEMICS. This 
proorram i;voIv(mI out of a title IV i)rvoject. In fact, on«^. of the exciting 
thin^^s that I did notice at the conferonco as I spoke with the people in 
att^n lonce, was the evidcnee of computer-assisted education for the 
prifted through Federal stinudation, cither through title I, throu^-h 
fc^rnier title HI, or through title IV. 

Mr. ScHKUKK. Are you talking about conii)uter programs in the 
elementary and sec 

ondar^' schools or m the teacher's colle^'cs? 

Ms. SisK. In the elementarv* and secondary schools. 

The way computer-assisted education often I)ecom<»s involved with 
uni%-ersities is that when educators have an elementary school program, 
the teachers find that they need more expertise in the^Ise of computers 
than they have within the hounds of the school, and they often go to 
university computer centers for assistance. 

In fact, in my testimoiiv I would like to point out that several 
universities are working cooj)erativelv with local schools. For example, 
there is the University of South Alabama in Mobile, tiie University of 
of South Florida in Tami)a, the University of Wisconsin. Johns 
Hopkins University in Baltimore, and others— so that by involving 

Mr. ScHKUKK. Were anv fnuii the northern T)art^of the ifnited 
States? 

NIs. SisK. The University of Michigan and Teachers College at 
Columbia University were also involved. 

.Ms. SisK. The testimony that I'm giving is drawn from expert 
witnesses, classroom teachers and professors, who were available at 
the XAGC conference. 

lii other words, knowing that [ had been asked to testify, T wanted 
to know specifically what was going on in the field. Each specific 
situation given as an example of computer assisted instruction here 
was given by an individual in attendance at the Conference and conse- 
(piently limited to that pdpulaiion. 

However, one of the major po'nts that I would like to make is 
that when computers are used in an elementary school which involves 
a university, tliat involvement in turn stimulates professors to ofTor 
computer courses. The other issue 1 would like to address is the 
importance of early identification of gifted youu<rsters. I would par- 
ticularly like to respond to several of the points that were made in 
terms of how you uiight identify gifted children. Many of the programs 
that are curn^nt! involved in coriiputer education on the elemcTitary 
level, particularly oi^o in Hampton, Va., one in Carlsbad, Calif, 
one in Lake •Bh.«(r. \Ut:h., and others, involve gifted children as a result 
of demonstrated gifie<lness, that is high IQ and high achievement, 
but thev also u^e peer ^mination, community nomination and parent 
nomination to locate participants. 

By using broader definitions of gifted and broader identification 
procedures educators identify many more gifted. Some benefits of 
gifted children working witli computers are as follows: acceleration, 
for example—the Eastern Michigan University youngster who is 
years old and who was just entered as a freshman is an example of a 
solution that schools may have for a child who is higlilv gifted." They 
often don't know how to provide for that voungster's\ibilitv in the 
regular school. I think the computers 
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Mr. ScHEUER. In my j)crsoniil opinion, from the point of view of 
that child's social development iind relations with his peers, to send 
an 11-vear-old child to a university with 17- and IS-year-olds is a 
very poor solution from that chiUrs personal <crowth and development 
point of view. 

Ms. Si.sK. Comi)Uter-assisted instruction well uiif^ht help in that 
situation. It would i?ive the hij2;hly f^ifted younf^stcr who is far above 
his a«^e mates a chance to study at his own level in his own school 
and yet remain with children of his own aj:;e. 

Computer-assisted instruction also will help in terms of the States 
thnt are usins: Public Law 94-142 to serve their <^ifted, iji other words, 
the lan«caa;;xe from Public Law 94-142. In approximately 20 of our 
States, <i:iftcd children an^ served und(T the rubric of PNceptionul 
child education. Consrcpiently, Public Law 94-142 lansjuaf^e serves 
the ^iftrd as w(dl as tlie handicaj)ped. Two advanta«^es are cominj; out 
of se\Tral of the pro<rrams that are usinf? computers. One is that it 
helps in terms of individual i)rofrramin*c for the children. In other 
words, as we b( come more skilled in diajj:nostic prescriptions of f^ifted 
children, kiiowin«r the child's ability level, the child's achievement 
level, the child's s( lf-coner|)t , creativity, stn njjrths and weakn*^sses, 
and as become mon> skilled in projjrraiTiinf; stratec^ies, this infor- 
mation can be fed to com[)Uters, thus }jrovidin<r im individual plan 
for an individual <rifted ehdd. 

Second, in s( rvin<; the (gifted child in the refruhir school there is 
spillover \aluc to the total pro<;rani. A concern that I see particularly 
in inner-city areas — and New York ( ity is a prime (»xamj)le of that — 
where we would c.\p(( t '5 to o percent of tlie school population to 
({ualifv asiriftcd. In New York ( it v, for example, that would he about 
5(),()()0 children. 

In th(> iniit r-city area, oftentimes with the extreme emphasis on 
the the prol;l(rn of di>a(h anta^red youn^rst* rs teat'hers in many cas(»s 
have become distriuntled and nuchanieal about education, as a result 
ecmei ntratinjr on wi tiknesses and hrinfrin*r students up to ''standard/' 

Mr. S( HHTKit. 'rii(> te achers arc oft* n conce nt ratiii*^ on keepinjr 
phy>ical order in the classroom. 

.Ms. Si.sK. That a^^ain is a tremendous problc^m. 

.Mr. ScMKrKH. If we could motivate these children and give them 
.-oinethin«r that will excite thcni and stimulate them, we would have 
lo^ of a probh ni of kcepin*; [)hvsical order' in th(» classroom. 

M.-. SisK. Exactly. That was my next |)oiut. 

Mr. ScHKi KK. One of the interesting; points that Dr. Garner made 
was that in >chools where they have the computer, school vandalism 
has fallen trcmcndou>ly. The kids don't view tli(» school any more 
as a hostile environment, as the enemy. You mi*rlit find that the cost 
of this coini)utcr in>t ruction is a ne<rative cost if you track the child's 
protrrcss. If these children are not dropouts, with tli(» cost to society, 
and there is a reduced cost of school vandalism, you mijrlit (ind that 
these proirrams more than pay for themselves on a current basis in 
other sa\'in«rs. 

1 hate to justify it ou tiiat basis, but, to some people ma\be that's 
a coniixdlin^ arj.':umenL 

Ms. SisK. Another problem to address is teacher dropout. We are 
losing II large nund)er of our brightest teachers. And I thirdv Dr.Suppes 
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indicated also that there are scientists who would be willing to come 
into the school as mentors.. One of the exciting points I learned from 
the educators utilizing computers was that when the schools involved 
scienti.sts, mathematicians, behavioral scientists, and scientists in life 
.sciences, the curriculum building and the program building was 
.stimulating not only for the children but also for the teachers. These 
educators felt that we might keep more young bright teachers in 
education through the excitement of computer education. 

Another factor that i« tremendously important is the involvement 
of technologists in such a way that these computer programs would 
be of high quality to keep gifted youngsters involved and stimulated. 

I would like to enter one piece of research in the testimony that was 
recently reprinted by Johns Hopkins University which is quite 
interesting. Bill George and Sanford Cohen identified high achieving 
youngsters on the SAT test from a five-State area, had the students 
mdicate interest areas, such as math, chemistry, biolo^, or physics 
and then — by the way, this is a very interesting project m that it does 
do some of the things that the other speakers have alluded to in terms 
of longitudinal study. 

Johns Hopkins identifies these gifted children at the eighth grade 
level and they are followed through their graduate work, with coun- 
seling and assistance available. It is probably one of the few 
examples of specific aptitude being challenged and developed. 

Mr. ScHEUER. Why did they do it at the eighth grade rather than 
the first or second grade? 

Ms. Sksk. Primarily because their program is based on offering 
services to the youngsters. As these children are identified at the 
eighth grade level,, they are given a free course at Johns Hopkins 
University and cooperating universities. 

Mr. ScHEUKK. We heard from Dr. Suppes this morning that you 
would get a great many more minority kicis stimulated and involved 
if you started at the first rather than the eighth grade, because the 
gaj) in learning readiness and accomplishment grows. 

Ms. SisK. Exactly! 

The Office of Giited and Talented is very deeply involved in early 
identification. We funded a gifted project in Guam. In Guam this 
highly innovative program is identifying gifted youngsters of 4 years. 
They are using behavioral identifiers such as curiosity, sense of Humor, 
flexibility, ana interest in cause and effect. They are also using demon- 
strated leadership. They are talking to community members and 
parents. Parents are encouraged to bring their children to schools 
and to community centers for assessment and intervie\vs. 

We are lookin^^ to this ])roject for examples to follow in terms of 
identification and service delivery to young children. 

Mr. ScHEUER. You might, try it also m a largo metropolitan or 
urban center. 

Ms. SiSK. Yes; I think that would be very interesting. We have a 
project in Philadelphia that is identifying Puerto Ricans in terms of 
riagetian tasks. Primarily, as I observed the project, they are looking 
at behavioral descriptors that the child can demonstrate. These proj- 
ects are getting away from what we traditionally think of as gifted, 
that is, highly developed verbal ability and demonstrated achievement. 

Mr. ScHEUEU. -This is the point I wa.s addressing earlier. Would 
that not also be appropriate for black and Mexican American young- 
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sters and many other youngsters in general, who might not be quite 
as adept at verbal tests but who still have very superior intelligence? 

Ms^ SiSK. The Philadelphia project does have many exciting impli- 
cations for most minority ^oups. In conclusion, one of the major 
points I would like to malce is that, as I view what is currently bemg 
done for the. gifted in the use of computei-s, it seems to have two 
thrusts. One is that the computer provides what oftentimes the class- 
room teacher cannot provide and that is the in depth information 
and the pacing that the gifted child needs. 

Mr. ScHEUER. When you say pacing, don't you mean interaction 
with the child? 

Ms. SisK. By pacing, I mean providing opportunities for the gifted 
child to learn at nis own pace. 

Mr. Scheuer: And the computer can establish that personal rela- 
tionship and the sensitivity to the child's needs and pace better than 
the teacher? 

Ms. SisK. Oftentimes better than one teacher who is responsible for 
a large group with many needs, yes, very definitely. Computers also 
help the gifted develop work skills, in terms of accuracy, programing, 
ana being on task skill that gifted children may not exhibit. Gifted 
youngsters do underachieve and do not always come fully equipped 
with work habits, work studies, and work skills. 

Mr. Scheuer. And the computer can help build those skills. 

Ms. Sisic. Yes. Consequently for gifted education, computer* 
assisted instruction is an exciting area. 

Mr. Scheuer. To get back to my original question, why is the 
Federal Government doing so little in this area? I must say that your 
testimony has been very convincing, creative, professional, and im- 
pressive. If the Federal Government believed you, wouldn't they be 
doing a lot more in this field than they are doing now? 

Mr. Herman. I think the Federal Government is doing quite a bit 
in this field. I think we are giving quite a lot of support. A lot of the 
work that Dr. Suppes has talked about — some of it emanates, as he 
stated in his testimony, from the Education of the Handicapped Act 
funds. The National institute of Education has heavily invested in 
computer research. 

Mr. Scheuer. What are the total dollars you are spending in 
computer research in terms of intellectually gifted children? 

Mr. Herman. I couldn't aniwer that quest on now. 

Mr. Scheuer. Wc-11, we'll leave the record open. And you can 
submit it. 

Mr. Herman. We'll do that. 

Mr. Scheuer. Would you also submit a similar memo on computer- 
assiisted education for the disadvantaged and lor handicapped children? 
Can you give us a ballpark figure for the total invested in com- 
puter-assisted education? 

Ms. SisK. Mr. Chairman, urc you asking for research money as 
well as service delivery? 

Mr. Scheuer. We'd like both. 

Ms. SisK. One of the items of information that you are requesting, 
that of the amount of federal involvement in CAl — 1 wai^ vory pleased 
to see in the education projects, that wore shared with ni^ at the 
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NAGC conference involvement was from title I for inner-city areas, 
from former title III and title IV. 

Mr. ScHEUER. Why don't you submit to us a report on how much 
money you are spendmg m t./tal, broken down between the gifted, 
the disadvantaged and the handicapped, and broken down for research 
and, then, actual operating programs in Brooklyn, Mississippi and 
Alabama, and other places. 

Mr. Herman. Well, we certainly could do that for the gifted. It 
will be a little bit more difficult for the broader range. We can talk 
about research and demonstration. Vm sure we can identify those 
dollars very accurately. 

Mr. ScHEUER. Could you give us a ballpark figure of the total? 

Mr. Herman. We'll see what we can do. 

Mr. ScHEUER. What are we spendmg on titles I and III for 
disadvantaged? 

Mr. Herman. $2.8 billion, approximately. 

Mr. ScHEUER. Are we talking on the orcler of magnitude of 1,000 to 
1? If one IS S2M billion and the other is $2M million, that's a difference 
of a thousand times. 

Mr. Herman, Of course, the title I program and the gifted and 
talented program were never meant to do the same kihds of things. 

Mr. ScHEUER. I didn't say that. What we're trying to do is identify 
and then enrich the gifted child's course of study so that he will make 
the extraordmary contributions to society that apparently he is 
capable of making. 

Don't you think that tho relationship of 1,000 to 1 just doesn't 
stand the teat of reasonableness? 

Mr. l^ERMAN. I would hope that within the title I grouping of 
children that there are — I think we discussed this this morninp" — 
intellectually gifted children among that group and they are being 
served in fact by title I resources being utilized in favor of those 
children. 

The same holds for physically handicapped children. I think there 
are physically handicapped childred hem^ served under Federal and 
State funds for physically handicapped who are intellectually gifted. 

Mr. ScHEUEu. You are not suggesting that the average title I 
program is really designed to be meaningful to the intellectually gifted 
child? 

Mr. Herman. It is desipn^ed to supplement the services the child 
would ordinarily get in the . educational program and if wise and 
effective administrators could identify gifted and talented children at 
the title I target schools, then I think they would be able to supple- 
ment those services with support programs for gifted and talented 
children. 

Mr. ScHEUER. Would you identify those support programs in title 
I, and also identify the assistance that 3'ou are giving to the schools 
in how they can identify these children? You have heard what is 
being done m Guam and in Mississippi and what Dr. Suppes suggests 
which IS going on on the west coast, will you identify the kind of 
assistance you are giving to educational administrators in identifying 
the gifted child under title I or any program and then what kind of 
ongoing programs you are helping them to fund out of title I or title 
III or any other Federal funding? 
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Mr. Herman. Certainly. 

Mr. ScHEUER. We will hold the record open for a week or 10 days. 
Thank you very^ much for your testimony. 

Our final witness here today is something of a bonus. He is here to 
announce the results of his just completed study on the scope and type 
of application of computers in our Nation's scnools. 

Tnese findings, incidentally, should be very helpful to us in our 
work and we are delighted to have him here today. Dr. Harvey J. 
Briidner, president of HJB Enterprises from Highland Park, N.J. 

[The complete prepared statement of Dr. Harvey Brudner is as 
follows :1 
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before the Domestic and International Scientific Planning, 
Analysis, and Cooperation Sub-Committee of the Committee on 
Science and Technology of the United States House of Representatives 
VJashington, D.C. 



During the past twenty years, one of the most highly publicized 
and most misunderstood phenomenon in the field of education has 
been the introduction, and use of computers in the nation's 
schools and universities. 

There have been high hopes on the part of some, and high 
hurdles put in place by others. 

Obviously, time limitations prevent a full exposition of all 
the technicalities implicit in computerized education. To assist, 
I would like to introduce as background a detailed paper on 
"The Past, Present, and Future of Technology in Higher Education", 
which was first presented at the Conference on Innovation and 
Productivity in Higher Education, held at Carnegie-Mellon 
University in October, 1976. Much of the information in that 
paper is equally as applicable to all levels of education and 
training./"^ 



COMMENTS ON INSTRUCTIONAL COMPUTERS 
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I should like to point cut that despite the introduction 
of many kinds of instructional computer support programs over 
the last two decades, there has not been comprehensive 
statistical summary data relating to the following: 
o Extent of Usage 
^ o Kegional Distribution 

o Numbers cf Students and Grades 
o Academic Subjec- Areas 
o Categories of Instructional Use 
o Types and Numbers of Terminals^ 
o And Other Significant Areas. ^) 
This lack of correlated data is complicated further by 
}[, disagreement and misunderstandings as to how the computer- 
should best be used, e.g., Computer-Managed Instruction vs. 
Computer Assisted Instruction. 

It is difficult to intelligently assess the potential, and 
the needed changes in government policy and funding, without 
the above information. 

Therefore, HJB Enterprises has embarked upon a correlation 
c.nd assessment i*tudy which attempts to provide a preliminary 
roadmap for government, industry, academe in developing 
and realigning plans and policies.! y') 

For example, note the three appended tables concerning 
the ratio of users to enrollment by: school levels, 
number of users, and by geographic regions. 
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Indicative of the need for this study are the following 
examples drawn from preliminary analysis: 

(1) The states which currently have the highest support 
levels for traditional educational techniques are, for the most 
part, the ones wh^ch are also in the forefront of instructional 



26 instructional computer facilities at high school and college 
levels, ranks fifth in the United States in its appropriations 
per capita for higher education as cited in The Chronicle of 



rising educational costs is to m'^j^^e cost effective use 

of educational technology |U}4owever , as the preliminary analysis 
indicates, niany of the states which could benefit the most, 
are furthest behind. 

(2) Although Computer-Managed Instruction (CMI) tends to 
be a cost effective implementation of the computer', adoption of 
this nethodolgy has moved along haltingly. 

(3) Early analysis also suggest that there is heavy utilization 
of some o." the ino.^ t sophisticated equipment for lower level 
drill and practice applications, as opposed to more advantageous 
us'js ^hat could be riade involving simulations and individualized 

tb torials . 

Additional areas where instructional computers could have 
significant impact are Special Education, Coni:inuing Education, 
ani Industrial Training. Yet, recent studies made by HJB 




example, Minnesota, which has at least 



Higher Education, October 




One of the things that can be done in this period of 
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Enterprises indicate that none of these sectors have been 
adequately developed. » 

There are an increasing number of success stories being 
documented each year. The technology is advancing. Evidence 
presented at these hearings has revealed a significant potential 
for the improve:r.ent in learning on the part of a major segment 
of our nation's population. 

The realization of this potential will depend not only 
upon increa'sed financial support, but also upon full 
analysis of past and present programs, and accurate 
assessments and evaluations. 




HJB ENTERPRISES 
333 Montgomery Street 

Highland Park) New Jersey 08901 ' 
(201) B28-9333. 

RATIO OF US ERS TO INSTRUCTIONAL COMPUTERS STUDY TABLE ONE 

EHWLLHEHT 



6y SCHOOL LEVELS 



Junior < 

TOTAL High Schools Colleges Colleges Colleges^. Colleges 

GREATER THAN 50% 30% 13% lU 20% 19% 

20% TO S0% 31% 25% 33% 36% 36% 

\ • 

UNDER 20% m 32% 5B% H4% 46% 

TOTAL Schools •• 367 , ; 167 36 164 200 
Surveyed 



© Harvey J. Brudner, 1977 
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HJB ENTERPRISES • 
333 Montgomery Street 
Highland Park, New Jersey 0890i*' 
(201) 828-9333. 

.' ratio of us ers to . I NSTRUCTIONAL COMPUTERS STUDY TABLE 

EflROLLHENT 



feV mm OF dSERS 



100 to 999 1000 to 2999 OVER. 3, OOP 



GREATER THAN 50% 2\ 9't .'♦2% 



20% TO m m 20% t2% 



UNDER 20%, ■ 63% 71% ' 16% 

TOTAL Schools Il2 Ul 201 g 

Surveyed 



(c) Harvey J. Brudner, 1977 
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HJfi ENTERPRISES 

333 Montgoiaepy Street 

Highland Park, New Jersey 0B90i| , 

(201) 828-933^ * .<\ 

RATIO "of users TO ' INSTRUCTIONAL COMPUTERS STUDY TABLE THREE 

■ ENROLLMENT 
BY REGION 



GREATER THAN 50V 



North East 



19% 



North 



South 



m 



Far West 



35% 



20% TO SOI 



3U 



25% 



30% 



38% 



UNDER 20% 



49% 



itif% 



35% 



27% 



TOTAL Schools 
Surveyed 



93 



89 



'71 



Maine 

New Hampshire 
Vermont 
Massachusetts 
Connecticut 
Rhode Island 
New York 
New Jersey 
Pennsylvania 



(c) Harvey J. Brudner, 1977 



Ohio 

Michigan 

Indiana 

Wisconsin 

Illinois 

Iowa 

Minnesota 
Missouri 
l(ar.sas 
Nebraska 
S. Dakota 
N, Dakota 



Delaware 

Maryland 

Wash., D.C. 

W. Virginia 

Kentucky 

N, Carolina 

S. Carolina 

Georgia 

Florida 

Tennessee 

Mississippi 

Alabama 

Arkansas 

Oklahoma 

Texas 

Louisiana 

Viri,inia 



California 

Washington 

Oregon 

Nevada 

New Mexico 

Wyoming 

Montana 

Colorado 

Arizona 

Idaho 

Utah 

Alaska 

Hawaii 
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STATEMENT OF DR. HARVEY J. BRUDNER, PRESIDENT, SJB 
ENTERPRISES, HIGHLAND PARK, N.J. 

Mr. Brudner. Thank 3''ou very much, Mr. Chairman. I would like 
to quickly ^^o through some preliminary remarks. 

Durinf^ the past 20 3'ears, one of the most highly publicized and most 
raisundei-stoocl phenomena in the field of education has been the 
introduction and use of computers in the Nation's schools and 
universities. 

There have been high hopes on the part of some and high hurdles 
put in plnce by others. 

Obviously, time limitations prevent a full exposition of all tech- 
nicalities implicit in computerized education. To assist, I would like 
to introduce as background a detailed paper on "The Past, Present, 
and Future of Technology in Higher Education," which was first 
presented at the Conference on Innovation and Productivity in Higher 
Eduration, held at Carnegie-McUon University in October 1976. 
Much of the information in that paper is equally as applicable to all 
levels of education and training. 

Mr. ScHEUEU. I would like to put that paper in the liecord at this 
point. 

[The paper follows:] 
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The Pastj Present, and 
Future of Technology 
in Higher Education' 

Tff9 following anicle. wnavn by a Svmor Consultant to U S.O.E. and formtr prasnhnt of Waatingftous* Laarmng 
Corp . li a papar whiCh summanzas whara w« ara, what tha ntw tachnology now makaa poutbia, and soma 
pradsctions of wftara ara going in u$tng instructional "hardwara" for aducation. It follows up on an aarliarpapor * 
wTittan by Or Brudnar ("Bducation—1964" T.H.B. Journal, StpJ., 1875. pag*S U-lS). Ha is now a mtrntotf ot our 
advisory board 

This jnicla will aaal primarily with aducatiorial tachnology- prefects what soma ot tha ntw vid*o<ttsk 
tachnology can mean It will raviaw our currant status wtth tha amphasia b«tng on compJ?tM>i*#tf instnjcttonat 
sysiams Tha anicia will also maka som^ pradicuons about tha futura and, although soma Qf its conclusiona are 
Similar :o tnosa m tha 1975 articia. the 2 yaar uodata has soma surprisas. It la mtarasting to compara this anicia a$ 
wall r^ith tnat of Or Molnar(Nov. . 1 975. pagas 25 -00 T.H B. Journal), ona of our contributing adiiors , stnc* althougfi 
trow indapandant ohsarvtiiuns of tha liald, thay arriva at similar conclusions. Wa walcoma ycur commants on than 
findings and ancouraga your davalopm^nt of short aniclet on tha sarrta tofuc. ' 



Vol. 4, No. 9 



Hcrv«y J. Brudn^rt 



Nothing — nothing at all — mattars mora than tramad 
'n'v'hganca It is tha kay not only to success m Ufa. but 
ft li the kay to th» maanmg ot Ufa — President Lyndon 
B John^n. Cotulla. Tests. November 1966 

Instructional processes m higher education b«»' 
celi« ha«e not changed dunng the pest centuries, cr 
even since the invention ot printing But a great change 
IS likely during the next two decades The technology of 
communications and data processing, which has had 
such a profound. impact on American society in gef>- 
erai. Will also Stan to exert a powerful influence on our 
system ol higher education The new technology has 
already begun to transform procedures tn educational 
research, administration, and targe libraries It has 
started to bnng higher education to the handicapped, 
the siCK the aged, prisoners, and people located m 
remoie areas 

Properly applied ihe new technology increases the 
opportunity tor independent study, t >d allows for a 
richer variety Ot courses and methods ot instruction. 
These courses will include increased use of cable TV 
systems, videocassettes and VideoOiskS. and 
compuler-assisteo and computer-managed instruc- 
tion, as well as greater emPhasis on rnultimedia learrv 
mg Kits 



■ ThiB pap«r tint prsMntcO at ins Cont«f»oca on innova- 
tion and ProOiCtivity m Hign«r EOuCtTion. h«<d at C«rr»«g«- 
Wc^ton UnivvfiiiY or^ 14-16 OctolMr. antt >s m tha conterenca 
Dfocd^dinoi PoDhtJ^^I by San FranCiV^ Prew. inc . 547 
HOwWO SiTMt San Franc 1^0 California a4lOS 
t Marw«YJ Briian«f >sPrtm»d«rtt of KJB Fnterpri***. HighianO 
Pa/k N J 



The ik)w take-off of educational technology over the 
past decade suggests that there are many atrcrtg resifli- 
■ng forces. Obviously, instructional technology IS not 
compteialy welcomed by the academic community. 
This Situation has been aggravated tsy the fact that 
faculty memtMrs with latent and interest to design new, 
replicable learnirtg materials are not always property 
rewarded. Confusion has been generated by manufac- 
turers offering incompatibte systems of similar prod- 
uct*, and there is the struggle between the local cam- 
pus producers and the knowledge industry. Local pr o|* 
ects often thrive even though faculty members may not 
havath^'ombinatiohofinttrett, subject-matter exper- 
tise, mw.. knowledge, and learning-theory knowt>ow 
that hicfh ( Ality learning material design reqyiras. The 
overall situation has been extensively reviewed in prior 
reports, such as the Reporr ol the Ccrrregie Commts- 
sion on Higher Education: this pr.rMnntatiOn reviews 
highlights trom ihe best surveys.' and attempts to pro- 
tect future directions. 

In t967. Godwin Chu and Wilbur Sr.hf nmm of the 
Institute for Communiciftons ^SMsrch at Stanford 
University conclufJed that, ptctpeii^ jtppliod. the learn- 
ing effectiveness of instMKrt.on provided by tecnnology 
IS as successful Ai that of good prolessors snd 
teachers using conventional modes of tnttruc<ior^. Thi; 
two authors reviewed ?C7 put>lishiKl studiM wompar* 
ing TV wtth conventional teaching Of 421 compdirh 
sons. 306 showed no Significant differences. 63 
showed TV instruction Superior, and 50 found conven- 
tional instruction better.' Similar finding (or 
cor*puter-assiBted and programmed instruction have 
been developed by Levien.' 

Many academicians ask. ' Why sftoutd th«7fl da 
technology and media use m higher education?" V ,^om 
the students' point of view, there are rnann reaaons. 



Obviously no iri:ititution of higher education, no mat- 
ter hOw well endov^ed or publicly supported, can afford 
to caier to ine diversifieO and specialized needs of the 
present gerierahon of multidiSCipline. cross rnajOr stu- 
dents NCr can even the strongest institutions Offer 1 t 
or even 1 5 teacher ■tO'Sludent ratios Moreover, stu- 
dents have Come to expect personal and academic 
advtsing Obviously. more'Of ihe professor s time in the 
luture wi!l nave to go into .advisory and managerial 
roies. and le3:» inio luional roles It is precisely m the 
idner area that technology and media can play a quality 
role 

Flexible, modular scheduling, easily generated 3y 
computer sysiems. can expand learning options for the 
working student and even generate adapted time pay- 
ment and Credit spread schedules Also electronic nnd 
audiovisual developments allow the multicampus in- 
stitution fo extend available faculty talent of unique 
qualifications to remote locations .A trend may wOll 
develop to encourage nonresearch onenled lacuily 
arret protess'onal staff members lo produce technical 
materials via the new media 

Observations on the Present-day Status 

Mo$: examples of present-day educational technol- 
ogy are overly familiar to us Books, for example, are 
basically technological learning devices, so are 
blackboards, maps, models, charts^and specimens 
The stereograph dates back to 1B85. the lantern slide, 
to 1900 Motion pictures were used for education as 
early as 1910 and radio, starting in Pittsburgh, in the 




Tty Philips Mnd WCA optic*t irid«od'fc s^fm will plMy s 
P**'i9Coro*<i i?' disc o> 30 mmuns m itrgtn ConnectttSS 
rMdinj; •vO'Of on th» into/m»rion carrier 



1920 s The early 1960 s brougM Closed-Circuit TV and 
the multimedia classroom, the mid-1960 s. computer- 
assisted and (a linie later) computer-managed instruc- 
tion; and the 1970 s. the videodisk. 

The techniques have been improved and refined 
each year. Microfilm and microftche are examples of 
high-density reduction technology Dry copying rias 
had considerable impact: so has elecironic reproduc- 
tion a.nd facsimile telecommunications and reproduc- 
tion All that IS no longer regarded with amazement on 
the college campus. 

Indeed, although motion pictures are reaching their 
70th year of educational use. colleges use therr^ rather 
infrequently for' instruction. Soekir;^ out. acquiring, 
and setting up a good film is regarded as an annoyinq 
Chore by the typical professor, whose department 
chairman probably regards films as relatively expen- 
sive and annoying, in that the class may have to be 
moved Or rescheduled and arrarxiements may have to 
be made for a projectionist. Most universities use 
16mn) films, but Super 8mm film has started to make an 
impact. The history of 8mm films, first commercially irr- 
troduced in 1932. goes back almost as far as 16 mm. it 
began as an amateur product for the general public, 
but in the early I960's several companies introduced 
8mm sound proiectors and then, in 1965. introduc?'^ 
the new Super 8mm format. The loop projectors' mv'^ 
found use in eoucation m present shcrt-film ses'r:«ntA 
in *'S)r;gla-concept" formai and have found addiL.or^el 
application tor students to study independently. 

Much of the technology used m large multimedia 
classes is also used m self-instruction units. Indeed, 
the growth of inaiviaualized instruction represents 
education's most significant trend, even though it is 
still in Its infancy 

The 1960s saw many installations of language 
laboratories.^ Here, via audiotape lessons, individuali- 
zation of instruction goes on with the teacher at the 
master console acting to monitor and guide each stu- 
dent on his or her own learning path. The Phillips lype 
of audiocassette has made further development of the 
audio listening center as a relatively available and 
cost-effective approach possible, yet relatively few col- 
lege departments have implemented the audiotulonal 
concept. Implementations such as those at Carnegie- 
Mellon and Purdue Universities remain exceptions * 
. Another refinement of the concept is the ufdization 
of computer equipment and telephone lines to select 
and deliver audio and audio-vtsuai instruction via ma- 
terials held at a central storage center. To date, such 
dial-access systems have proved to be too expensive' 
and too limited m their software to be widely dissemi- 
nated 

Radio broadcasting of lectures and instruction was 
at One time thought to be a ma|Or opportunity. By 1968 
the original Ohio State University station that helped 
soearhead the program was only transmining two pro- 
grams a week to schools Not even the availability of 
millions of car radios and transistor radios has 
changedthrspattern By 1970 only l2%of th* originally 
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licnnstfd eoucational AM radiO stations were Still m 
eostence. however, almost 500 capus FM radio sta- 
tions serve local scnoois ' Such stations generally have 
a broadcast radius of only a few m»les. and only 10% of 
them are used primarily for instruction Yet radio has 
be«n extensively used in South Korea. Jap^n. and 
Great Britain tor delivering education to reaiote areas 
in the Uni:ed States, only special zed networks such as 
triose used for postg.'aduate medical instruction have 
fou^d cODlinuing application New York State (via the 
SUN'Y- Albany facility). North Carolina. Utah. Calfforma. 
Wisconsin, and Ohio are amOnQ the best-known 
operators* 

Teie'ti on has perhaps the greatest and most perva- 
Sive potential oi any instructional technology U comes 
•n many torms. with various potentials and {imitations 
Most dynamic has be«.> broadcast TV via public televi- 
sion networks Such series as Masterpiece Theatre. 
Civilization, and The Ascent of Man have attracted wide 
audiences and have had considerable impact in cor>- 
tinuing education Another success is NVU s Sunrise 
Semester Yet relatively tew colleges and universities 
have been able to maintain broadcast tacilities tor ir>- 
struction Chicago City College and the Open Univer- 
sity systems of Creat Britain and of Japan are ott-cited 
examples, however, only about 30"i of the instruction 
m such programs takes place by broadcast TV 

The closed-Circuit or cable systems increase the 
range of instruction, and enable colleges to schedule 
Instruction better The so-called Instructional Televi- 
sion Fixed Service {ITFS) is a distribution system 
whOse broadcasts at microwave frequencies are 
picked up with special receiving equipment tor redis- 
"tnbution within, say. a school building The range is 
Urrnted to about 25 miles, whiCh is more than adequate 
tor most college and university systems However, 
most iTFS Systems are used by elementary and high- 
school districts, and by parochiat-school systems 

The Community Antenna or Cable TV systems are 
extendeo counterpar'a ot campus-wide ciosed-CirCuit 
television systems ' Here. 5pecially designed antennas 
or higri towers or mountain peaks pick up distant TV 
signals, amnlity them, and redistribute them Over spe- 
cial (usually ccaxiall cables to homes, businesses, and 
schools Tne importance for higher education rests 
largely m tne large number of channels that are avail- 
able 

We may divide recent nontraditional programs into 
those wmch provide a highly personalized and indi- 
vidualized lorm of education, and those which otter 
flexible access to courses through teaching at a dis- 
tance The personalized programs include that of Mirv- 
nesota Metropolitan State College, the University 
Without Walls consortium, and the Empire State Uni- 
versity of New York (now with about 3.000 stu- 
dents) " 

The New YOrk State Regents program offers 
bachelor s degrees soteiy on the basis of examination 
and transfer credits, at present m nurStng and business 
admintStratiOn. without residence on a campus and 
without formal course registration 
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We have also seen the use of the modified British 
Open University (teaching-at-a-distance) system in the 
United States, at Rutgers Unu-erSity. the Universi'.y of 
Maryland, and the University of Houston. These pro-' 
grams enable students to undertake serious college- 
level study without the requirement of scheduled 
classes.^' The Coast Community College m California 
has been a teacher in the development of courses which 
utilize broadcast TV^^ and the University of California 
at San Diego Extension Division has created the idea of 
using spociat materials published in daily newspapers 
as a basts tor course development.'^ 

One of the most important recent programs has been 
that of the University of Mid-America (UMA). a consor- 
tium of seven large midwestern universities; lowa 
State. Kansas State, and the Universities of Nebrask;*, 
Missouri. Kansas, Iowa and South Dakota. UMAcarnes 
Out three major functions 

(1) preparation of multimedia courses. 

(2) coordination ot learning activities in the par- 
ticipating institutions, and 

(31 research in the effects of various kinds oi media 
presentation. 

Although still young. w!th about 2.000 students, it 
has completed a course m Accounting and is working 
on courses as varied as Japan. The Great Plains, World 
Food Problems, Poetry, and Application of Pesticides 

Anotht)r interesimg program, operating out of 
Evanston, Illinois, is the Learning Exchange, a match- 
maker Organization to bring together individual 
teachers an<j learners for given subject fields. In such a 
progrpm. 'earners then have an obligation to teach in 
the field in whtCh they are qualified.'* The above pro- 
grams and others were recently reviewed by UMA's j, I. 
Lipson at an IntcrcienCia confnrence m Brasilia. '* 

Many programs can be carried, some quite 
specialized and of interest to only a few people. Cable 
TV thus bogi ns to approximate the dial-access capabil- 
ity mentioned earlier. 

The latest TV refinements are videotapes and 
videocassettes. which permit storage of instruction for 
repeated, convenient use. In some instituXons. such as 
Oral Roberts University m Oklahoma, iBpes can be 
checked out or called up for viev/ing on special 
monitors Some institutions have maife use of such 
capabilities, in conjunction with TV cameras, to record 
classroom performance of student teachers, speech 
therapy students, athletes, musicians, etc.. and have 
<nstant playback and analysis." In 1973 Kremer and 
Compaan (of the Phillips Corp. m the Netherlands) 
wrote. "Although no other mass medium has under- 
gone Such rapid growth or made such an impact as 
television, it is technicalty true to say thai tn many 
respects, it is still in its infancy They went on to oe- 
scribe their new laser vtdendisk system, appropriately 
called On Printing Motion ' 

Sociologists tell us that Americans watch on the av- 
erage of over 30 hours of TV each week. The public in 
general (including students) has acquired a likingtor it. 
What would be the impact of systems that would allow 
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System 
Pr>ce o» unit 
Pfrce of (Jtsk 

Playing lime of 
t2 m c3i»K 
Features 



Recording system 



Ph,lltpi MCA 
S500 

Somewhat above LP costs 
for 12 in 30 mm diSh 
30 mm (recorded on one 
Siae only) 

Picture can oe spwjed up. 
Slowed, or irozen Finger 
prmts. dust do not distort 
0)Sks can txt made thick or 
thin including a paperthm 
one to be sent through mails 
Loser beam 



BCA 
$500 

$tO for t2 m.. 6C mm disk 

60 mtn (recorded on both 
Sides) 

Use of a grooved disK etimmate; 
two OJ the control Systems tieeoed 
for optical systems ProOi^rtun 
costs ar^ lower Stower rctaJiOnai 
speed reduces vibratuon vc'iipms 

^'Electron tjeam 



Disk matenat Plastic coated with aluminum Vmyl copolymer coai.^^ with 

and transparent protective layer * motal Oieler''': .inc: lubncant 
Speed of rotation '300 rpm 450 rpm 

LifeofpiCkup Apprc* tOOOO hr 500 



element 



Manufacturers Phillips & MagnavOs <piayer) RCA 

MCA & Plyogram (OisX) 



tor freedoa> ol chOice ol program — as we have with 
boons or rnccrds — at about the same price'' 

Unfortunately, magnetic tape is relatively costly and 
not too easily handled. whiCh makes duplication com- 
pficated and program access somewhat slow. Wr are 
used to audio information being printed on records, 
why not have low-cost TV information printed on rec- 
ords'' Utilization of laser technology for tx)th master 
generation and playback could lead to such a "printed 
s>slem The Phillips Video Long Play (VLP) diSk has 
an optical readout (via a small helium- neon laser m the 
playback unit) It is therefore easily repositioned and 
can produce 

• a still picture 

• variable speed motion 

• forward and reverse motion 

• address readout of any one of the M.OOO frames m 
the 30 mm disk 

• sequenced or computer-controlled readout 



The toilowmg I;)t3le compares per-copy manulac- 
turef s materials costs for a 30-minute motion visual 
prOgr;)m 







OuarMity 




Med turn 


t 


10 100 


tooo 


l6mm film 


Sit? 


S1C8 S84 52 


$66 17 


8 mm film 


285 


66 5200 


44 76 


^4 in videocasseite 


70 


31 21 25 


t850 


Videodisk (projected) 


450 


46 3 0t 


0 63 



BecaL'se of the high quality of tho TV picture, one can 
even use the frames to store print and index banks. We 
shall return to this interesting development after a bfief 
review IS giade of thd related developments in com- 
puterized information Systems 

Recently. RCA Corp. has adopted a new tochnique to 
produce a videodisk that can be played viaacapaciitve 
readout. There are many similarities of intent between 
the Phillips and RCA systems. t)ut technologically they 
are quite different and probably only one of them will 
ultimately prevail. The RCA videorecord is also t2 in m 
diameter; however, as' m an ordinary LP record, a 
metal-tipped sapphire sty lusrtdes in the record groove, 
senses tiny changes in electrical capacitance along the 
groove, and utilizes these changes to modulate the 
Signal. The RCA record can be therefore recorded on 
both Sides to produce an hour's output. The above 
table (adapted from Forbes Magazme'*] compares the 
two formats. 
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Past. Present and Future 

Ccntinueo fro.-n Page t7 



Computer Systems 

Computer) can t>« mvotved in higher education m 
rnany ways ^ Computer-assisted prcgrammed tnstruC' 
tion {CAI) has received most attention. Here the com- 
puter sy9*em IS used as a medium to present instruc* 
tion directly to the student Obviously, the computer 
attempts to assist or substitute for tr>a instructor. We 
define programmed instruction as learning programs 
structured in terms o> defined behavioral goa's. 

Time-shared CAI system* are svaJiabie ttrlay m 
mooeralefy high cost, aavwat hundred aoWirs ;o $tOOO 
per month pei terminal Unt»1 rscertl^ nicat OiH X^mt- 
nais have consisted merely ot teietypes or tyo^w^ tars 
Such oqutpment. with associated communication 
gear, typically accounts for one-third to one-half orthe 
costs of a system with a full compler.ent of terminals. 
Cathode-ray-tube display taimtnals are t>e9innir>g to 
replace th«i typoiMnter for many purposes More ad- 
vanced terminals, such as plasma displays *n\t\ a vari- 
ety cl audiovisual features, are also coming into use. 
and even more advi.iced laboratory prototypes offer 
great promise for li-' jre low-cost, high-lunctron termi- 
nals in short, development of terminals is a lor>g way 
from a standwd terminal lor CAJ." 

Several programming languages and operating sys- 
tems for supporting CA) wmrk have been developed. 
With a lew exceptions, each of these systems is 
oriented either toward conversational programming as 
a means of problem solving or toward use ol a CAi 
language for mors or less styhzed programmed in- 
struction Of the systems now se^n. none seems to be 
fully adequate possjbly as an early prototype ol a 
future CA) operating system 

As to instructional programs for CAt, experience to 
date shows that program preparation costs range from 
several hundred to a few thousand dollars por student 
hour It IS not yet clear how much en instructional hour 
will t}e worth in comparison with an .hour of alternate 
learning activity There 4 not even agreement on how 
to estimate tfventual cost effectiveness of CAI.^ T>ere 
IS urgent need lor some good evaluation expenments 
to lay a foundation lor cosl-effectiveness evaluation. 
Some CAI programs consist ol mere presentations 
ar>d>dr simple questions-and-answers testings in short, 
ot materials from some other medium displayed by 
means of a corrputar terminal. 

Tt>e Chief deficiency in most programs is not that the 
content is mundane or theecquencing of learnir>g ob- 
fectives conventional : elementary content can be quite 
suitable for CA). and conventional structuring ol the 
program contani is usually valid. The fault is •-ather thai 
poor use IS made of the computer. To discuss this point 
adequately, we distinguisfi (following Adama^) among 
three technical aspects or dimensions of design ol a 
leerning program content, structure, and mediation. 



Comenf means something hke the scholar's notion 
ol the scope of the courie, the corpus of information in 
It — in behavioral tei ms. the terminal objectives. Sfruc* 
(ure means the eiemenis of order that make it a pro- 
gram in the learning psychologist s use ol the term, the 
strategy ol building upa complex sXill, the hierarchy ol 
behavioral ob«.-|ives. the play of sequencing ol learn- 
ing tasks, the lorms ol messages, the esthetic value of 
the learning experience. A successful CAI program 
must succeed m both content and structure. However, 
if the learning program is to be deemed successful as 
CA). the computer s function rnusi be essential to the 
realization ol some important instructional value. Clear 
Identification of the value added by the computer 
should be the first step in the Valuation of a CAI pro- 
gram. 

Although the computer is often regarded primarily as 
a communications medium, it can contribute to any ol 
the three aspects ol the progrem. it may contribute to 
content where the learning tasks invo^a lormulation or 
use ol computer programs as such. It may t>e essentiel 
to structure where the sequencing of learning tasks 
depends on the past experience of the individual stu- 
dent. It may contribute mediaf/on values where im- 
mediate responsiveness improves the effectiveness C7 
trij (earning program or where computer mediation 
permits char>ges in administration and/or logistics of 
instruction. 

What we need is a set of established programming 
principles for prepanng learning tasks that are suited 
to the medium, lor example: 

• Constructed responses are usually better than 
selected responses. 

• Learner initiative and control are desirable lea- 
tures. 

• Instructions should be held to a minimum; tasks 
should be lormulated so that there is a ■naturaJ" 
way to answer, and so that the computer can deal 
with minor format variations. 

• Service messages (correct, wrong, etc.) should be 
in general as lew and as brief as p^-ssible. 

• Where appropriate, programs should facilitate 
tnai-and-error learning. 

• Clarity Should come before enrichment. 

• H IS more important tor the learner to know what he 
IS dotng than lor the learning psychologist to 
foresee and control the process in detail. 

The unique promise ol CAI is to give a learner con- 
versational interaction with a body ol inlormation. 
especially structured lor laciliUting learning. The ex- 
tent to Which this promise can be luKtlted at present is 
limited more by poverty ol programming te<:hniqoa 
than by the other technical limiutioru ol the CAI sys- 
tems. The loremosi educational need for advancing the 
state ol the art In CA) is thus to develop and demon- 
strate program designs and learnirig teaks that achieve 
effective communication between learner and teaming 
programs. 

That IS not to say that there are not also great needs 
and opponunities to tie together CAI with new au- 
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oiovisuai techntquM such as the yser videodiSk Such 
systems may ulttmat«'y allow low-cost, branching au- 
aiovtsual CAI formats. 

Apart from the tulorial mcde and the more oOviOus 
uses in sjmulalions. demonstrations, gaming, etc.. the 
computer can be ver> valuable in ihe management of 
the total instructional process. Such techniques lead to 
what has become known as the Computer^Managed 
instructional (CMI) system » Here, as m the Westing- 
house Plan' system, an electronic data-processing 
system becomes an aid to the teacher or professor. The 
computer enhances instruction*: «ff'C>ency In a 1972 
survey, ComstOCK found lhat the most common use is 
dita processing and teaching computer science 
Fewer than tO% ol present-tSay universities and col- 
leges r^^port any form of tutoual use. for various rea- 
sons (t) the faculty is not well aware of ;he 
instruc;ional potential of the com^puter. {2) 
etiective and validated instructional lotlware lack- 
ing, or (3) most present systems (except in specialized 
areas) are not cost efferttve 

One Of the best-known surviving systems -s ihe Un>- 
vorsity of thinois PLATO senes. now in its PLATO tV 
generation " It is conceived to handle eventually some 
4000 teaching stations At the present time, an esti- 
mated 15.000 part-time students take at least some of 
their courses on a screen display, by printout, or (in 
some test Situations) by synthesized speech, in April 
1976. Control Data Corp , wh>ch builds the Cyber com- 
puter senes. utilized by PLATO, announced that a 
major commercial push was expected, with additional 




Corn mi Oeta Cofporanon's coatpufr^^tti aducanon *Y*- 
"•m dittn:>utm instructtontt m*nn*ls in r/i« form ot nir, 
numfr*. ammalvtf Onmngt »na ottfr graphics tor indt- 
¥icu*ii:»fi, te/N>ac«<r i—rmng 



customers among universittes and in the military; how 
ever, ths primary target was to be industrial trajnir>g." 
PLATO systems are being installed by universities in 
Florida and Queb«c. ar>d a modified package at Lowry 
Air Force Base in Denver, but the major thrust wilt be to 
offer industry terminals at $15/hr per student PLATO 
promoiors argue that It costs SS-10/hr to educate an 
undergraduate. $20-30 (or a graduate, and $30 and up 
for a professional student. There will be no attempt 
initially to offer the system to secondary schools, since 
a typical schootallocatesaboutSl/hr for each student. 

The designers claim that PLATO design overcomes 
some of the problems of earlier CAI systems. Instead of 
storir>g data on magnetic l«pei or diskx, PLATO relies 
on more conventional ex\ended core memory, which 
allows data to be moved out of storage as much as 1000 
times (aster. Therefore, oven when SOO lerminals share 
one central processing unit, a student need wait only 
Q,7 sec. on the average for a response. Earlier CAI 
systems had lor>g response times and some students 
lost interest as a result. 

The PLATO display consists of a grid of fine wires, 
512 across and 512 down, sandwiched between two 
plates of glass so that the wires form a grid of more than 
250.000 tiny cubicles, each containing neon gas. When 
a cubicle is cddressad by the computer keyboard, a 
surge of current causes the gas to ionize and glow. The 
display IS free of flicker; inlike a cathode-ray tube, it 
need not be "refreshed." Because it is transparent 
sttde pictures can be suoerimposed on the display. 
However, the plasma display panel accounts for about 
35% of a terminal's cost of about $6000 at present 

Critics of Ihe centralized approach point out that 
phone tarhffs are on the rise and m i croc ircui try costs 
are comir>g down, making it economically feasible to 
put more and more computer power and memory into 
stand-alone mmicomputei systems. The leading mirv 
ufaclurdr of minicomputers. Digital Equipment Corp... 
has already sold over $12 million worth of minis to 
colleges and universities. 

Several colleges and universities are now employing 
time-sharing services of a computer consortium, such 
as the Dartmouth Regional Consortium and the Ore- 
gon S!aie Regional Computer Center. Basically, such 
consortia require only the installation of terminals and 
telephone communications lines. 

TiCOT (Time-shariijg Intefacitve Computer- 
Controlled Information Television) was developed 
under a National Science Foundation contract by the 
MITRE Corp, of Boston and Washington, a nonprofit 
systems-engineering company. Courses were de- 
veloped by the institute for Computer Uses in Educa- 
tion at Brigham Young Unis-ersity (BYU). TlCQT was 
orloinally intended for use in community colleges, ac- 
cording to C. V. Bunderson. director of the BYU Com- 
puter Institute.^ However, among its first users are U. 
S- Navy training programs In California and Florida. 

Formal field tests of TlCCIT have been conducted at 
Maricopa Community College in Phoenix and at 
Alexandrias campus of Northern Virginia Community 
College. 
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The Future 

The author anfl many o< htS cotleagues feel that 
ipchnoiogy anfl meflra can anfl wrii mahe signiticant 
contriDutions to the future ot higher eflursttion "* 
nave wiinesiea many examples over the past ...o-.^kie m 
which the computer enhancefl the inaivifluali/ation ot 
instruction ana enacted the professor loaOapt insiruc- 
ltonto trii personal neeflS of stuflents Computer use 10 
help manage the process looks promising. anO as U:k 
cost* 3' both central processing hardware and of ter- 
minals flecrease. this approach will be applied more 
extensively A ccrrospondmg flevelcpment of technol- 
ogy IS «xpect«a to carry educatiun oulstd** the schooi 
and university center jo the home and community, and 
to business anO mOuSInai centers 

With future oses ot cable systems, it will be possible 
to put the most flisaflvantaged students into contact 
*ith the most aflv^ntagefl resources Much of one n 
education aiready takes place outside the classroom 
mine future it sncu'd be increasingly possible to gutde 
in^t learrting by the uSf> of lechnciogy 

A jeceni artiCte m the W&ll Street Journa/" reas- 
^s;>es educational trends as follows {',) iricreasmg 
demano to' continuing education. (2> more ftexibility m 
th« content ana structure of educat-on. (31 rriore uses 
of computers m education. (4) use ot videodisns (5) 
mo»e use of communications and multimedia. (61 fam- 
ing and education approaching l2*o of tfie gross na- 
tional product (?) productivity increases. (8) more use 
of lo*-cost open structures. (9) growth of learning cen- 
ters 10> weekend colleges patterned after Mid- 
AmcriCa University, (ft) Federal support of education 
increasing to 3C°<, (t2i more enrpnasib on the de- 
vetopnient of values. ( t3) more ust Ot video-pacKaged 
•MJucation (14) increased use ot testing ana a trend 
toward criterion-reterenced testing based o" specific 
obtectives. <i5i increasing student expertise m com- 
puters and persotial portable calcutatoi? ^nd |16) the 
pnce of minicomputers dropping from StOOOO lo 
$t .0OC Over tho ne«t several decades The only nega- 
l;ve in this tuturecast indicates tnat the percentage ot 
our high-scnooi graduates who go on to formal higher 
education will not rise above 50"o (comoared to me 
present ■ir-'o) 

Hr)*i soon tiese trends may oe realized has been tne 
subject of '■.pecuiarn.^n by Silberman" ^nd by the au- 
:nor Bouid ng has pointed out that tne scnoo'mg 
mdusuy is supported mainiy through one-way grants 
rather tnan by tne sale ol sejvices in an open market 
and con$«quently has little incentive to increase its 
productivity He writes at^Outalternative techniques for 
soMng tne problem. suCn as a voucher plan that .would 
reward schoots that achieve greater productivity, and 
educational banks that would lend students the full 
costs of their education — with the ioaps to b» said by 
an inCOme-tax surcharge He argues that <f education is 
converted to a market economy, it might be easier to 
estabiisn a market to support private technological ae* 
veiopmenfs 

"n the ne<t decade we snail experience an ever- 
increasing numtser o' Chang»»s that will nanstorm our 
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lives and the world of education. New mathematical 
development, now science, new social science, and 
new technology will be upon us with accelerating 
speed ana intensity 

The new technology will include miCrocomputenza- 
tion. laser applications more abundant power sources, 
more sophisticatea biomeaics. extensive uso of satel- 
lite teiecommuntcaticns. and the beginnings of a sci- 
ence of leadership In ihe luturp each student wilt 
receive instruction dccording to his or her individual 
needs Students will learn at their own paces, usir.r, 
materials and presentat.onal systems that lit ihB Cyr.le 
of development Computer systems will hetp teachers m 
teaching students and diagnostic lestmg. put instruc- 
tion wilt still lemam under teachcr control Students 
wtll learn fo take greaTer responsibility and make inde- 
pendent decisions Critical, analytic thinking will be 
stressed, and students will nave more freedom ane»,se 
It to increase their problem'SOivmg abilities They will 
work as individuals and m smalt groups directly wifn 
their teachers Teachers wilt not be required to writs 
iissson plans since learning obiectivOs and guides will 
have tteen fashioned (or alt subjects instead, teachers 
will spend ttrre developing special mierdiscipti nary ob- 
jectives and activities for a particular student or situa- 
tion Besides traditional homework, more time will be 
spent doing interactive lessens, with one s parents and 
members ol the family 

itliCh has proposed that we devote more energy to 
making it possible (o; people to 'earn Tn informal settir>gs 
o! thetr normal daily activities without mediation by 
schools or professional educators He argues that 
Since the cost of eduration is rising (aster man the 
productivity of the entire economy, it would be Cheaper 
to givB people rr.o.e po.'sonal ;esponsibilify (or what 
fhoy learn and reach without the ara of professionals 
His tiist step toward opening tho access to skills would 
be to provide incentives lor skilled individuals to share 
their knowledge He Suggests computerized match- 
makers to match peers, (orm tutor-student combina- 
tions, and Create learning webs. 

An important Delphi technique^ Study of Factors 
That-Have Inhibited a More Widespread Use of Com- 
puters in the instructional Process, was done by 
EDUCOM (the tnieruniversify Ccmmunications Coun- 
cil) m 1972 It contained dfteen recommended action 
plans as suggested directions tor breaking ihs status- 
quo Cycle 

Clearly, ed'jcation will be increasingly broadened 
through vocational and technical i'ainin<j " vVe have 
witnested these trends already at me community col- 
lege level As Lester 3rown has put if. We may b« on 
the verge o( one of ffie great discoritmuties m human 
history Those who thifik the final quarter of this cen- 
tury will t)e merely an extrapolation of the third wilt be 
seriously diSiltuFioned 

Our Children will spend more than half their lives m 
me 2lsf Century' In 1964 there will be a population of 
about one hundred million Americans aged 3 to 24 The 
occupation (or most ol mem will be student Ex« 
trapolat.nns of present trends indicates that cxpendi- 
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tures lor aducation and training may then reach $10^D 
mihon a ^ar m 1976 dollars 

The resources for a considerable t/anstormahon of 
higher education wiU be therefore available over 'he 
next 25 years Many are looking forward to oarticipa^ 
■ng in the implemontatiOn of those exciting new d 
covefies " O 
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Mr. Brudner. Thank you, sir. - ' . 

Jumping to some of the very significant work that has been develop- 
ing onfy recently, I would like to point out that despite' the intro- 
duction of many kinds of instructional cor^.puter support programs- 
over the last two decades, there has not been comprehensive statistical 
summary data relating to the following: 

One. Extent of usage. - . . 

Two. Regional distribution. . 

Three. Numbers of students and grades. 

Four. Academic subject areas. / * 

Five. Categories of instructional use. 

Six. Types and tiumbers of terminals. 

Seven. And other significant areas, as documentation of gifted and 
disadvantaged subgroups involved. ^. 

This lack of correlated data is complicated further by disagreement 
and misunderstandings as to how the computer should best be used, 
that is, computer-managed instruction, computer-assisted instruction, 
computer-based administrative applications, et cetera. 

It is difficult to assess intelligently the potential and needed changes 
in Government policy and funding, witnout the above information. 

Using our own funds, HJB Enterprises has embarked. upon a cor- 
relation and assessment study which attempts to provide a prelim- 
inary roadmap for government, industry and academe in developing 
and realigning plans and policies. For example, I will introduce mto 
the record fourteen (14) appended tables concerning the ratio of users 
to enrollment by high school levels, number of users and geographic 
regions, and other significant relationships. 

[Tables follow:] 



HJB ENTERPRISES 
333 Montgomery Street 

Highland Park, New Jersey 08901 
(201) 823-9333. 

RATIO OF USERS TO INSTRUCTIONAL COHPUTERS STU DY TABLE ONE 
iiNROLLHEHT " ' 

8Y SCHOOL LEVELS 

" " -IP I, 

Junior ' / 
Torn High Schools Colleges Colleges Colleges^Jr. Colleges 

GREATER THAN 50% ' 30% 43% IH " 20% 19% 

t 

I 

UNDER 20% i|0% 32% 56%' m ^6% 

TOTAL. Schools 367 157 3b igii 2OO 

Surveyed » 



© Harvey J.,,Brudner, 1977 ^^^^ 



HJB ENTERPRISES 
333 HQntgofiiery Street 
Highland Park, New Jersey OB90i| 
(201) 828-9333. 

RATIO OF USERS TO IHSTRt'CTIONAL COHPU TERS STUDY TABLE TWO 

ENROLLHENT ~ 

BY NUHBER OF USERS 

100 to 999 1000 to 2999 OVER 3,000 
GREATER THAN 50% c 21 9| ' ^ \^2\ 



20UOS0V' 'in ■ 20% m 

UNDER 20% 83% 71% " 16% 



TOTAL Schools ^ 111 ' ' 201 

Surveyed — 



© Harvey J. Brudner,' 1977 
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HJB EKTERPRISES 
333 Montgomery Street 
Highland Park, New Jersey D890'i 
(201) 828-3333 



RATIO OF USERS TO 
ENROLLMENT 
BY REGION 



GREATER THAN 50% 



INSTRUCTIONAL COMPUTERS STUDY TABLE THREE 



19% 



■3U 



South 
35% 



Far West ' 
35% 



20% TO 50% 



31% 



25% 



30% 



38% 



UNDER 20% 



m 



35% 



27% 



TOTAL Schools 
Surveyed 



, 93 



nil 



71 



05 
03' 



Maine 

New Hampshire 
Verniont 
Massachusetts 
Connecticut 
Rhode Island 
New York 
New Jersey 
Pennsylvania 



Ohio 

Michigari 

Indiana, 

Wisconsin 

Illinois 

Iowa 

Minnesota 
Missouri 
Kansas K 
Nebraska 
S. Dakota 
N. Dakota 



(c) Harvey J, Brudner, 1977 
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Delaware 

Maryland 

Wash., D.C. 

W. Virginia 

Kentucky 

N. Carolina 

S, Carolina 

Georgia 

Florida 

Tennessee 

Mississippi 

Alabama 

Arkansas 

Oklahoma 

Texas 

Louisiana 

Virginia 



California 

Washington 

Oregon 

Nevada 

New Mexico 

Wyoming 

Montana 

Colorado 

Arizona 

Idaho 

Utah 

Alaska 

Hawaii 
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HJB- ENTERPRISES 
333 Montgomery Street 
Highland Park, New Jersey 08904 
(201) 828-9333 



TYPE OF USE ' 
BV mtl LEVELS 



CAI TUTORIAL , 
CAI DRILL 5 PRACTICE 



INSTRUCTIONAL COMPUTERS STUDY 



TABLE FOUR 



TOTAL High Schools Jr. Colleges Colleges ' Colleges^Jr. CoL 
lU 19% n\ "21% 



75% 



75% 



73% 



7i|% 



SIHUUTIONS 



33% 



31% 



28% 



36% 



35% 



OTHER USE 



CMI 



30% 



10% 



27% 



16% 



28% 



3"^% 



33% 



01 



RATIO OF CHI/CAI 



13% 



21% 



7% 



TOTAL 



367 



167 



.36 



16it 



200 



© Harvey J. Brudner, 1977 
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HJB ENTERPRISES 
333 Montgomery Street 
Highland Park, New Jersey 08904 
(201) 828-9333 



INSTRUCTIONAL COMPUTERS STUDY TABLE FIVE 



TYPE OF USE 

BY HUHBER OF USERS . 100 to 999 1000 to 2999 OVER 3 000 

CAI TUTORIAL 10% ii% > 23% 



0 Harvey J, Brudner, 197? 
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CAI DRILL E PRACTICE 



SIMULATIONS 29% 40% 30% 



OTHER USE 26% 36% 38% • W 



7% 3% 14% 



PATIO OF CHI /CAI 8t 4% 20% 



TOT£ 42 111 201 
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INSTRUCTIONAL COHPUTERS STUDY TABLE SIX 



TYPE OF USE 



BY REGION North East ^t^i South Far West 
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CAI TUTORIAL 18% 20t 12% 20% 



CAI DRILL £ PRACTICE 76% 72% 79% 72% 



SIHULATIONS 30% 38% 30% 32% 

Q 
CO 
05 

OTHER USE 28% 35% . 28% 27% 



CHI ' - 10% 13% 8% 10% 



■RATIO OF CHI/CAI 13% 13% 10% m 



TOTAL , 93 nil 89 71 
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COURSES INVOLVED 



INSTRUCTIONAL COMPUTERS STUDY ' TABLE SEVEti 



TOTAL High Schools 



Science 6 Math 

Mathematics 

Statistics 

Statistics or Hath 

General Science 

Biology 

Chemistry 

Physics 

Any Science 

Medical 

Engineering 

Other Technical 

Any Non-Science Field 

Business 

Social Science 

History or Humanities 

■English or Reading 

Foreign Language 

Guidance 

Other 



All * 


93 


92 


f r 

55 


69 


56 


5 


2 


- 


57 ■ 


70 


56 


22 


29 


22 


d ' 


8 


8 


Ill 


9 


8 


16 


11 


25 




42 


53 




m 


17 


11 


m 


36 


28 


34 


39 


74 


70 


75 


22 


15 


42 


28 


23 


14 


2 


1 


3 


20 


25 


31 


5 


4 


3 


15 


28 


8 


5 


3 


3 



Multiple Use (over S) ^^"7 



TOTAL Schools 
Surveyed 



367 



157 



Universities+ 
Jr. Colleges Colleges 



95 

40- 
9 

45 
15 
9 

20 
20 
45 

4 

20. 
20 
73 
23 
35 
4 

12 
6 

2 
7 

16 

164 



36 



Universities+ ' 
Colleges+Jr. Collefj e< 

95 
43 
8 

47 
16 

9 . 
18 
•21 
■ 47 

7 ' 
23 
23 
78 
27 
32 

4 

15 
6 
4 
7 

, 13 
200 
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■ INSTRUCTIONAL COHPUTERS STUDY TABLE EIGHT 

NUMBER OF USERS FOR 

COURSES INVOLVE^ ' IQQ^to 999 ' lOOQ to 2999 OVER 3,QQQ 
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Science 5 Hath 
Mathematics 
Statistics 
Statistics or Math 
General Science 
Biology 
Chemistry 

Physics 12 23 13 0) 

Any Science . 36 52 it3 ^ 

Medical . « w 

Engineering 
Other Technical 
i^jiy Non-Science Field 
Biisiness 
Social Science 
History or Humanities 
English or Reading 
Foreign Language 
Guidance 
Other 

Muitipie Use (over 5) 
TOTAL Schools 

— 1 — iini~n — ■111 !■ im m 0 im 

Si^ryeyed 
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88 


95 


96 


57 


57 


51^ 


5 


8 


3 


60 


59 , 


57 


21 


23 


22 


7 


12 


7 


7 


16 


13 
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Li 


13 


36 


52 


It3 


C 
9 


0 

L 


h 
H 
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5 


18 


33 


28 


29 


57 


63 


82 


17 


11 


26 


2U 


33 


27 




3 


3 


2i| 


, 11 


23 


2 


6 


5 


10 


19 
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3 
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■ 10 


m ( 
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COURSES INVOLVED BY 



. INSTRUCTIONAL I COHPUTER STUDY 



North East'' North Central South 



Science S Hath ^98 91 . 93 

Mathematics ' 53 55 5] 

Statistics 10 i| 3 

Statistics or Hath 5?' ^58 50 

General Science 18 20 20 

Biology ■ S ■ 12 lO 

Chemistry 16 13 '13 

Physics 17 15 

Any Science i}2 ' 45 43 

Hedical ' 6 1 3 

Engineering n n 

Other Technical, 32 25 28 

Ar.y 'Non'Science Field ■ 68 81 70 

Easiness 20 21 26 

Social Science 25 39 21 

History or Humanities 2*3 3 

English or Reading^ 11 35 is 

Foreign Language , 3 4 2' 

Guidance i 17 20 8 

Other 'If 5 1} 

Multiple Use (over 5) 8 7 7 
Total School's 

Surveyed 93 UH /89 
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K-STRUCTIONAL COHPOTER STUDY TABLE TEN 



NUHBER OF^TERHINALS 

BY SCHOOL LEVELS - " Junior Universities Universities* 

TOTAL High; Schools Colleges KoUeges CollegestJr. Colleg e! 

5 or less ' 29% 46% 17% 16% 16% ■ 



6 to- 10 13% 15% 11% IJt 11% 

11 to 50 39% 27% 53% 49% 50% 

Over 50 ^ 15% ^ 13% 19% 25% 2i| 

TOTAL Schools 367 " 167 36 164 200 . 

Surveyed » 
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INSTRUCTIQML ■COHPUTER STUDY TASLE ELEVEN 

NUHBER OF TERMINALS 

BY NUHBER OF USERS 100 to 999 lOOQ to 2999 OVER 3,000 
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5 or less 57^ U\ 

6 to 10 10| I9j 9j 

11 to 50 195 30t 504 t 

Over 50 ■ 5j 5| 29^ 

TOTAL Schools it2 Hi 20l 
Surveyed 
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INSTRUCTIONAL COMPUTER STUDY 

NUMBER OF TERMINALS 



BY REGlilNS North East North Central 

5 or less 304 304 

6 to 10 124 164 
11 to 50 " m ' ^5% 
Over 50 114 104 
TOTAL Schools 93 111 



Surveyed 

i 
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HIGf^ SCHOOL 

mmm by 



INSTRUCTIONAL COHPUTER' STUDY TABLE THIRTEEN 



STATES (£ REGION) 



North Eas t North Central South Far West 

New Haiiipshire-2 Ohio - 7 Haryland - 3 California - 17 

Hassachusetts-19 Hichigan- 5 North Carolina Oregon - 6 

Connecticut- 2 Wisconsin-2 -6 Utah - 2 

New York - 18 ^ Illinois- 8 Florida -3 , oj 

New Jersey - 9 Minnesota-18 Texas -8 w 

Pennsylvania- 3 Iowa - 2 Virginia -6 

Kansas - 3 



All others in Region: 1 or 0 
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INSTRUCTIONAL COllPUTER S TUDY ' TABLE FOURTEEN 

' (i 

' Jr. College^ 

cm . 

Uf Y 

APPLICATIONS BY . 
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North East 

New Hampshire-1 
iiacsachusetts-9 
Connecticut - 2 
New York • -12 
New Jersey - 9 
Pennsylvania -10 



Jfcrth Central ' 



Ohio -9 
Michigan -7 
WisGonsin-'f 
lUinois-lO 
Hinnesota-8 
Kansas -1 




Far West 

ryland -5 California -1 
. Carolina Oregon ■ 2 
■7 

Florida -6 
Texas -12 
Virginia-3 



All Others in Region: 0 or 1 
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Indicative of the need for this study are the following examples 
dra\^Ti from preliminary analysis: 

(1) The States which currently have the highest support levels for 
traditional ediicational techniques are, for the most part, the ones 
which are also in the forefront of instructional computer usage. 

Mr. ScHEUER. Which States are thoy? 

Mr. Brudner. For exampje, Minnesota, which has at least 26 in- 
structional computer facilitiei at high school and college levels, ranks 
fifth in the United States in its appropriations per capita. 

Mr. ScHEUER. Which are the first four? 
, Mr. Brudner. The first four States are Alaska, Hawaii, Wyoming, 
and Washington which have skewed data because of the high fixed 
costs for limited populations. So really if you eliminate some of those 
early States you ftnd'many of the States that I will get to in a moment 
are even higher in rank than the study indicates: 

One of the things that can be done in this period of rising educational 
costs and rising demands on the system is to make more cost effective 
use of educational technolog;y\ 

I think the first major point I am making is that there has been very 
little money spent on studies of studies. In other words, it seehis as if 
every decade, Mr. Chairman, we begin this field as- if all the work that 
had gone on in the ijrevious decade has not contributed anything to 
the body. of information that forms a valiti base. 



Mr. Brulner. There^s a needto analyze existing data immediately 
to see^what has happened as'a result of many, many millions of dollars 
that have already been spent. . - " 

Mr. ScHEUER. Is this what you ha,e done? 
Mr. Brudner. I have started to do this.: 

Mr. ScHEU,ER. Why don't you tell us in your own words what you 
nave found out from your beginning synthesis of the existing 
information. 

Mr. Brudner. One of the dramatic results that is corollary to what 
I am developing nowj's that many of the Stated that would' benefit 
Tnost from this technology are the furthest behind. 

Mr. ScHEUER. Which States-are they? ' 

Mr. Brudner. As some of tho remarks you made off the record 
would :.\dicate, the tables are skewed in an mterestingJway. V\<i find, 
for example, the .Far West is predominantly in a leadership position 
in this field. W^^ find, for example, the second greatest activity occurs 
in the South. 

Mr ScHEUER. Whe.i you say the Far West, is California — 

Mr. Brudner. . California," vVashington, Oregon, Nevada, New 
Mexico, Wyoming, Montana, Colorado, Arizona, Idaho, Utah, 
Alaska and Hawaii are strongly, preliminar}- analysis indicates, in 
a leadership position. ^ ^ 

The ne.vt group of S^,ates in a leaders^ i^p position are tKe Southern 
Stales. Coming m at a medium level are the North Central i^i^ates, 
and the Northeast, at this time, seems to bo the weakest region of 
the country i the particular xreas r-viewc ; even though many\of 
the worst urban situations lie in the Northeast. 

Mr. ScHEUER. Why is this so? 
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Mr. Brudner. I'm not trying to analyze all of the reasons, or 
interpret the reasons. I have my own opinions. But right nov/ I'm 
tr^'ing to present the data as clearly as possible. 

Mr. ScHEUER. But I'm asking you why do you think that's so? 
Why should New York, which is probably the largest center of 
acadeniic excellence in the world, with the possible exception of Boston 
and perhaps California, why should New York fall so far in the rear 
with all of the excellence of education and reseai h. After all, it is the 
brain center of the commimications center. 

Mr. Brudner. Within the cluster of the Northeast, New York 
is in a leadership position with respect to other Northeastern States. 
However, it still lags, overall. 

Mr. ScHEUEK. But it is still forth ranking. 

Mr.' Brudner. New York State, according to the same October 
1977 issue of t-lie Chronicle of Higher Education, has now fallen all 
the way to position No. 27 in the United States in support for higher 
education. 

Mr. ScHEUER. Per capita? 

Mr. Brudner. Yes. Part of the problem relates to the overall 
financial situatior;. I believe another part of the problem — this is 
again my personal opinion — relates to the fact thftt many of the 
States which originally were in a leadership position, have taken their 
own position for granted, and have become more status quo oriented. 
Many areas of the South and the Far West have reached out, and 
tried to become more innovative, and have allowed /or greater accel- 
erate :uovcment in thp area of educational tecb^ ^logy. 

Mr. Scheuer. And here they are rtot as fiuancially hardpressed 
as some of the older urban 'cores of the Northeast. 

,Mr. Brudner. That's true. We find that many of the innovations, 
such as the computer-managed instruction systems that have been 
refet^ended by others, people have tended to be cost effective implemen- 
tatHons of the computer, and yet adaption of such methodology has 
moved along haltingly. 

Early annlysis also suggests that there is a heavy utilization of some 
of the most sophisticated equipment, for lower level drill and practice 
applications as opposed to additional advantageous uses that could be 
made involving simulations and individualized tutorials with gifted 
students and the popuhitions that have been discusses. 

Mr. ScHEUER. In other words, they have the computer there, but 
the}' 're not using it in its most creative form and are n^ot exploiting its 
potential. 

Mr. Br'jdner. That appears to occur in a greater number of cases 
than one would like. 

Mr. ScHEUER. What does that mean? Docs it mean we need to 
educate e(hicational administrators, or we need to educate the teachers 
themselves to the use of the computer, or we need to design more 
course materials? 

Mr. Brudner. All three of those conchisions are appropriate. 

Mr. ScHEUER. What else? 

Mr. Brudxer, I think we need more leadership. We need dem- 
onstration centers. of the type that have been referenced earlier where 
models of excellence can be pointed to. 

Additional areas where instructional computers could have major 
significant impact are also the areas of continuing education, .job 
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corps-related applications, and industrial training. Again, the 
surveys recently made have indicated that none of these sectors have 
been adequately developed in this regard. 

There are an increasing number of success stories being documented 
each year. The technology is advancing. Evidence presented at these 
hearings has revealed a significant potential for the improvement in 
learning, not only on the part of the disadvantaged and tne gifted, but 
a major segment of our Nation's population. I think one of the personal 
positions 1 would take is that we are not talking about 1 or 2 percent of 
our population in these hearings. 

Indeed, when we talk about the group of special education people 
involved,' the group who have learning needs apart from the norm, we 
are talking about a major portion of the population of the United 
States, And these same programs which can have such dramatically 
positive impacts on the disaclvantaged and gifted, will also benefit the 
majority of the population. 

The realization of this potential ^vill depend not only upon increased 
financial support, but it wilL depend also on a full analysis of past and 
present pro-ams, and accurate and relatively complete assessments 
and evaluations. I think we have been delinquent in that area. 

Mr. ScHEUER.^How do you think that should be done? Who should 
do it? Who should fund it? ^ . 

Mr. Brudner. One part of the charter,of the National Institute of 
Education is in this area. The National Science Foundation ishould 
increase 'its activity. I think there should be greater support and greater 
commitment to these kinds of research pro.grains that need to be done 
to turn up the areas that can be accelerated most rapidly. There also 
should be greater interagency coordination. 

^ If we look at the great advances that have been made in many fields, 
if we look around the room and see the dramatic technologies that 
enable us to put men on the Moon and we examine how our under- 
standing of the basic laws of physics came about, we find out that many 
of these understandings developed not from people working in isolated 
areas or theoretically constructing cases, but from observing what has 
been .taking place in experiments and demonstrations made under 
carefully controlled conditions. 

I believe that great 'deal of learning research can bo expedited by 
identifying anc^l analyzing the billions of dollars worth of activity over 
the last 20 years that has taken place in programs sponsored by the 
U.S. Office of Education, its former Bureau of Research, and many 
other agencies, such as the National Science Foundation, and other 
Federal and State kinds of studie ;. I wisli to reference here the New 
York State systems stucK' whi«':h 1 directed in 1969. I am offering the 
oxenutivc summary for th<^ record. 
[The study follows:] 
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I. SUMMARY M'iO RECOMMENDATIONS 
A. EXECUTIVE SUMMARY • ' ' 

I. PREFACE , These voL.mes 3umrx.ariz.: the results of the 
first phase of a, S/stms Analysis Study of Primary and Secondary 
Education in New York Statn with E]cnphosis on the TJrban Core Areas. 
The Westinghousc Learning Corporation was av/arded a contract to con- 
duct the Phase 1 study, and prepare a proposal for Phase 11, aiter the 
Business Advisory Committc^i on Management Improvement, and the 
Interdfcpartmey:tal Management Improvement Council recommended that 
scientific management techniques be applied to some of New York State's 
difficult problem areas. The New York State Education Department 
strongly urged the selection of urban core education as the subject area 
of the first study m its fio*'-^ , ^ 

This study was t . ■.•■"A.^-.t Westin ;-*ouse Learning Corpora- 

tion under the guidance c \ rl,^ U."-- York State Division of the Budget in 
conjunction with th* , .-'1^:34}/:^. t^. rtment. A special biterdepar tmental 
Steering Ccr^rmiittee v-,.;; r.xt-?,U:^\ > assure that the State couid bring all 
necessary resourcer ..j ^r. -'Ti-i act as an advisory group to the e- 
se archers vt-ith r en pt - : tt- y-r \'jr; os and areas of emphasis , The S:cer - 
ing Ccnmittee was c< d high-level representatives fr^ " • . ** 

Education Department,. . ,e Division of the Budget, the Divisjc. - 1 -man 

e 

Rights, the State Univers.-t,'. a:. J the Office 01 Urban Educa* . -n , 
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The commitrfK^jir to provide all citizens with an equal opportunity 
for productive part'r.ijAiition in community life can only be met by pro- * 
viding every cit.ir-cn %vith a quality education. The problems associated 
with fulfilling this ..imitmerit are inamensely complex, and the develop- 
ment of solution? involves working simultaneously with large numbers of 
factors and itMrrtn ,':ed v;^.riables. To d^r j traditional efforts dealing" with 
a few isolated v£»' ij.b'es have, fcr '/re most part, failed in spite of rela- ^ 
tively largCi ai'-o^^ats r,f fiindiiig. T;*uortunateiy, this failure, is most pro- 
nounced in thr urban c jre ar^r: ;; - ^ . 

This srvif''.'; i,,-^rc - ..ntj -\ • ./ ique attempt to explore the feasibility of 
applying interdiscipiinavr .-»*'.r.'i"*,3 analysis and operations research tech- 
niques to the complex aoc.iji system of education. The Phase I prelimin- 
ary analysis has be en i jr.ducted t.> define the many problems within the 
New York Sx7..tTi odjicktv. »^al cystem that impair its performance, as well 
as ident' :\ VT.^; ,: -if:ctive educational approaches. The study creates a 
unifir " i'raT'^^ ork within which some internal and external factors which 
iTifluen^:- iiducational performance can he analyzed rationally in order to 
point ouv ^ays to overcome problemn. It attempts also to create cost- , 
effectiveness indicators to meastlqe the impact of programs against their 
'''ii'ii.'tial demands. Studies to expand and delineate these approaches are 
pi ^'{i-i'i .'d for the second phase of the, program; 

2. INTRODUCTION . Thft Westinghouae l:ed>ning. Corporation's 
Phase ■ jl idy has led to several significant new findings, and the 




651 



reconfirmation of some significant trends. We have found: 

a. In spile of major efforts on the part of all related New 
York State Departments, Divisions, Agencie^s, and associated units, the 
educational goal of offering each individual of the State an equal oppor- 
tunity to acquire the Ja^owledge, skills, and attitudes required for produc- 
tive participation in commvinity-life remains unfulfilled throughout the 
State in general, and especially in urban core areas. 

I^ittie of the New York State educational system at"atiy level seems 
verifiable in theory, practice, or results. It is safe only to conclude that 
costs are going up, as are the demands of many concerned groups for jus- 
tification of these increased expenditures. 

But the major issue is much more than money and facilities. Even 
where these appear to be adequatr, students and community residents are 
still discontented and dissatisfied. They want to have a greater voice in 
decision-making, curriculum development, and, in some cases, the hir- 
ing and firing of teachers. 

During the pas: decade, legislation has been enacted to provide for 
greater equality of educational' opportunity. Several hundred millions of 
dollars have been spent. To date, it can be said that the objective has not 
been realized, in the present educational system, inequality has been 
found to, manifest itself in two basic ways: (1) the child who resides in an 
urban core community typically attends a scgre^^ated school, and (2) s'cores 

than his non-ghetto peers on standardized tests. Again, however, *it 
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was found that the problem of validity test items, norms, and quanti- . 
tative interpretations of the scores is in serious debate. 

*. Many of these ghetto students are among the group generally referred 
to as the "••Usadvantaged. " Some researchers, however, have indicated 
tfiat students generally classified as disadvantaged actually demonstrate 
superior performance in some areas, though these areas are often not 
specific objectives of the current educational system. Then, to some ex- 
tent, "disadvantagement" might also be regarded as a function of the objec- 
tives to be achieved^ » 

Thus, the basic inequality seems to reside, in the failure to mako 
education and educational'Opportunity relevant to the needs of the ^xrban 
core child. . . \ 

b. The situation is not self-correcting, and the recurring 
series o£ riots, boycotts, strikes, and disturbances' indicate that well- 
planned, concentrated, new approaches and efforts are needed without 
delay, * ' 

c. The limited and cumbersome approaches of highly cen- 
tralized metropolitan educational agencies have been too remote, too 
irrelevant, and too haphazard to be responsive to community and neigh- 
borhood needs. 

d. Special problems have developed, as our urban core areas 
become increasingly populated by minority groups with cultural and lan- 
guage barriers . 
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e. Underachievement is the norm in these areas, and it 
increases in propJ)rtion to the time spent in the educational system. A 
typical fix-year old urban core child is already about 10 months behind 
hia middle-class counterpart; by the twelftK gr&^Ve he is 42 months behind. 

f. The heavy demands on the city and State tax money are 
reaching plateau levels; only new and mjfre cost-etfective approaches can 
return the urban educational systems to a healthy state, and avoid vio- 
lence and disintegration. 

g. The contributory problems associated with the present 
failure of urban core schools are widely spread throughout .the school 
system itself (teachers , administrators, parents, curricula, students, 
facilities, services), and throughout the related extra-school agencies 
(government, community, political and pressure groups, communications 
media, labor groups, related educational institutions , business, religious, 
and service agencies). 

h. The failure in extra-school areas is almost as contri- 
butory to educational breakdown as is the failure in the schools them- 
8 e Ive s . 

i. Systems analysis, sci-entific methodology, technology, 
and modern management techniques hold great promise, and may be the 
only realistic solution to improvement of the quality and effectiveness in 
urban core areas, 

j. A comprehensive network of demonstration programs 
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bated on proven successful projects is required to optimize the design of 
an improvement progrann in relation to expenditures. 

k. Systems which overcome the environnnental handicaps of 
the disadvantaged are also highly beneficial to the "advantaged" and the 
State in general. 

1. Cost-effectiveness studies of educational approaches arc 
becoming increasingly practical and of great significance to educational 
improvement planning and distribution of corrective efforts and resources. 

m. Many proven educational "success stories" can serve as 
hypothesized models for demonstration programs; however, added find-- 
ings from research and development can still further ircrease the cost- 
effectiveness of any future state-wide implementation programs. 

n. The same principles and approaches can and should be 
applied in different ways in educational districts of varying makeup. 

o. A strong program of controls, evaluation, and testing 
must be developed so as to better relate program costs to output quality 
and quantity. 

3. SYSTEMS ANALYSIS IN EDUCATION . A total systems study 
of a state -u-ide public educational system invol\ws a compl-x b... :y of num - 
erous variables within and without the system, all of which are interrelated 
in again as many ways. Nevertheless, it is this type of complex arrange- 
ment of variables to which the systems analysis approach addresses 
.itself. 
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This scientific approach was used to set out guidelines for a nnetliodo 
logical study through a definite sequence of research activities. The ncces 
aary first sequence of events v/as the development of a framework broad 
enough to encomp;i.ss the entire spectrum of variables in the educational 
system. This framework was divided initially into a number of logical 
categories (components of subsystems) into which variables known or dis- 
covered were placed. At the first level, these were necessarily broad. 

The first-level model had the following special characteristics: 

Inter -component communicability . Information 
gained in one component improved knowledge in 
the others, 

Communicability retention . The state of inter - 
component communicability was retained as each 
component was reduced to the next detail level of 
subcomponents , 

When these constraints were met in the model, the analysts had a method 
of classifying and controlling the information extracted from the educa* 
tional System; the approach provided a consistent frame of reference for 
going into the system and questioning it for information. As the analysts 
were extremely critical of each datum e>»tractcd, as well as of their cate- 
gorizations, orderliness began to be imposed on the complexity of vari- 
ables. 

The five elements of the first-level model developed in this -.vay 
during Phase I were-. 

a. An educational objectives specification model. 
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• b. An evaluation and assessment matrix, correlated to 
designated objectives. 

c. An expenditure -effectiveness model. 

d. Extra-system variables correlation matrices. 

e. An evaluation flowchart for related programs. 

4- EVALUATION OF OBJECTIVES . Of primary importance to 
the systems analysis is the discovery and clarification of the goals or aims 
toward which the New York State educational system ostensibly operates. 
These must be known so that the system components and processes have 
meaning. 

The analysis began by attempting to ascertain the goals of the svstem. 
We reviewed the literature of education and questioned the educators, stu- 
dents, ani general citizenry whom the system ostensibly serves. We 
found a divMfse range of objectives at every level some objectives 
existed tc serve others. We also found little precision or agreement as to 
what each objective meant in actual fact, and even less agreement as to 
how they rated in relative priority. 

Given thii situation, a six-character matrix wis developed in the 

same manner the first-level system components were derived; 

S oc ia I * 
Attitudlnal 

Intellectual and Academic , 
Physical and Emotional Health 
Vocational and Professional 
Evaluation and Assessment 

An attempt was made to translate statements from the literature (educatioral 
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and popular) regarding objectives into this frame. Further, a small (not 
• tatistically pure) sample of core and non-core school and community 
respondents v/ere asked to rank these factors. 

Generalizations were made about which categories of objectives 
each emphasized as important. Cross comparisons -^Afcre made among 
our selected subgrouping of the population. Interesting congruities and 
incongruities were obtained. 

Based on the results from qualitative analyses of the preliminary 
data and attempts to interpret the data, a reexamination of the categories 
■was made and a revised list deve'.opf-d according to guidelines set out in 
a developed taxonomy of objectives: 



TABLE OF 

EDUCATIONAL OBJECTIVES-STUDENT DEVELOPMENT 



A. COGNITIVE 



GENERAL SUBJECT MATTER 

Reading/ Writing /speech 

Mathematics 

Humanities 

Social Sciences 

Natural Sciences 

AESTHETIC 
Recognition of 
Applied - Creative , Participation 

SPECIALITY 

Vocational 

Professional 

COGNITIVE PROCESSES 

a) METHODS it TECHNIQUES 



B. AFFECTIVE 

1. SOCIAL 

a) INTERPERSONAL 

RELATIONS 
Adults 
Parents 
Pee r s 
Gr oups 

Social, Cultural, and 
Ethnic Groups 

b) SELF-CONCEPT 
Understanding of 

Himself 
Member of Society 

Z. ATTITUDINAL 

a) LEARNING BEHAVIOR 



(Table continues) 
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Knowledge 

Comprehension 

Application 

Analysis 

Synthesis 

Integration 

Evaluation 

Cur iosity 

General Positive Attitude 



C. 



PSYCHOMOTOR DEVELOP- 
MENT 



Receiving 
Responding 
Valuing 
Or ganizing 
Extending 

Conflict Resolution 
Frustration Tolerance 



b) INDIVIDUAL ROLE 



Bodily ^^astery 
Health/ j.^'ersona. 



as Student 

Member of Community 
Member of 5ociety 
Worker 



c) INITIATWC BEHAVIOR/ 

MOTIVATION 
Search/ Experience 
Initiative 
Persistence 

d) PERSONAL MANAGEMENT 
Task 

Tinrie 



An important outcome of feedback fronn the field work was a set of 
criteria necessary for future classification schemes of educational objec- 
tives; namely: 



The number of categories is limited. 

The majority of stated behavioral objectives can 
be logically placed in o.ie of the categories. 

Category subjects are amenable to curriculum 
dcs igner s . 

The categories can be subjected to modification 
by dynamic feedback upon implementation. 

An evaluation pr^^gram can be developed. 
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The effect of implemented programs on attaining 
them can be consistently determined. 

Subst-ntive generalizations can be made concern- ^ 
ing programs, objective intent, and implemen- 
tation. 

By adhering to a reasonable scientific methodology in describing the 
objectives categories above, a wc^rkable model', for future research has 
also been generated. The absolute necessity for evaluating and assessing 
research programs in education against a predetermined sefof explicit ^ 
objec ives cannot be overestimated. Such evaluation is always taking place 
Ln education, but usually on the basis of implicit objectives. These are 
sometimes undesirable and, even where they are not, lack of explicitnesa 
makes quantitative determination of effectiveness impossible. 

Evaluation of achievement of objectives by the student or by the sys- 
tem is no' a thoroughly dev.ilopen component of the educational system, 
the .study concluded. Th«re exists a growing number of standardized 
achievement and general knowledge tests that have useful validity and 
reliability. As one moves into the affective domain, however, the tesrs 
become sparse and weak, or heavily dependent upon highly-qualified pro- 
fe-ssional interpretation. .cThia is true, despite the growing support to 
increase the edt. national efforts-in affective areas. 

Teacher evahiations leave much to be desired as do materials oval- 
uations. administrator evaluations , etc. 

The study group developed a matrix of evAluation typos that corres- 
pond to the objectives categories. 
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5. URBAN CO RE SCHOOLS . A first-level assessment of urban 
core achoois was performed by the systems study group on the basis of 
the objectives categories. For the sake of study, urban core schools were 
described in the following traditional eight areas: (1) Learning Methods 
and Materials, (2) Teachers. (3) Administration. (4) Program and Curric- 
ulum. (5) Services. (6) ^Facilities . (7) Parents, and (8) Related Extra- 
System Influences. An attempt was made to loqk fo> each area of the 
objective matrix throughout the school. Information was gathered from 
the literature and field-work. 

Urban core schools shared the proble*'ms noted earlier as to 6bjec- 
tiva- udJ <^^valuations. There appeared to be minimal use of- the educa- 
.:->r.al technology so prominent in the literature. 

Urban cc - schools generally have serious problems in almost all 
o£ the . -ovc cas regardless of how they are classified. In non-core 
' -caa. iny of the behaviors that are vital to a successful education pro- 

••n are ac " in the home. The non-core student's eiiloring behaviors 

are often sufficient to compei.s-te for (or adapt to) any deficit.'-.cies in the 
system. The urban core student usually enters the system with consid- 
erably fewer of the repertoire of behaviors required to succeed in the 
system. Furthermore, the system fails to take advantage of many of the 
behaviors which are peculiarly his. To a large extent these findings con- 
firm the conclusions of the Coleman study -- which suggests that improve- 
ment can come about through efforts in the "extra system" (home and 
community). 
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The school aeems unable to mitigate or to adjust to deficiencies, . 
Many innovative programs were found to exis t; hou ever » we lack the 
reliable testing instruments to measure their tiiect wenes s . Where spec- 
ial programs exist outsLdf: o: the school, evaluation of results is oLcen 
equally unreliable, but seemed to be consistently more satisfying. Our 
cost-effectiveness analysi'^ further supported this conclusion. , 

6. RELATED PROGRAMS ." A large number of educational pro- 
grams operating outside of the regular school was reviewtid. These 
ranged from pr :-schoo^ to aduit vocational prOj/. ams; some were highly 
mate rials -or ientL"^ , 'others wert not. 

'''he consensus seemed tt be that these programs tenjied to get 
better results than'prograi is operating in regular schools. Further, it 
was felt that the regular schools have no conscious plans to translate 
-.ucc'isses in program developments from the related to the regular. 

A firat-le el evaluation model was developed for relat'ed^programs 
A'hich it is hoped will aid in discovering ways to replicate successes from 
catside pr ograms into the facilities serving more Students, 

7. NON-EDUCATIONAI. FACTORS . The analysis nf extra- 
aystem problems focused on nine major sectors; 

Housing 

Health ^ 

Employ^ment 

Welfare 

Law and Administriftion of Justice 
Local Government Structure 
O r g a n i vs a ti on 
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Media and Communications 

Group IiitcracdonK and Individual i.i ■ .tions 

The data space for -ach of the rune major a^icf :i oartitioned 

where relevant in *''^rms of: 

Demog; :■' i^ata 
Econon.i . « *:l "jr s 
Social r*at . j i 
Political Furtr ■ 

General Env^;* ... r.tal Factors ' 
This breakdown led to a de 'i.-i* . -if problems in c;ac^l .u . ■ jr and an 
identification of the major -.r ■sys:cm variables via a series of C'^rr-. - 
lation matrices; the resell . r:. : -id tlie foundation for a detailed aralvals 
of the functional relations :.pj be*- extra-system variables and inrra- 
system learning variables, 

®- C OST -EFFECTIVENESS . A major problem oi educational 
decision- maker-i is the allocation of funds. Such decisions cannct be 
based or. a companion of per-dol.'.ar cost alone^ but must take into account 
the efft ,-.:ive.ne7S of alternative program?! toward reaching given educa- 
tional gOo' . Cost-effecLivoness analysis is directed toward presenting 
the decisi . :j'-r.. uk.-.r vilh a way cf comparing altemativ* program or 
courres ot action intu a fairly systematic way. 

A majDr outcome of f.ne Phase l effort was ' - development of such 
a cost-tt'f'M'-.tivenesa measure: the Expenditure for Effectiveness Indica- 
tor (EEIJ. 

EEI is intended (...-ed in th& compa^l^■cn of "programs, " dc^^ined 

as "activiUes designed to achieve a s ited objective, and having t '.nifiable 
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costs and measures of effect." EE! is a «ynthesis and refinement of 
paat ccst-efxectiveness measures in that it allows the input data to be 
specified as a range ot values rather than a single number. This allows 
th^* decree of uncertainty associate<i with any ot' the input estimates to 
be indicated in the final n.easure. 
EEI is con.puted from: 

the average cost/student; 

the effectiveness of a program or program 
area; c.nc'. 

a we'fhting of t>i- importance oL a program 
according/to the needs of a parti«:ular schoo.'. 

The effeclivene of a f / .^7ram is rated alonp; scalr; from 10 percent 
(no significant increase ir e ffe , "ivenes s ) to 100 percent (maximum in- 
creased eff-^ctiveneys). The weighti:ip, is accomplished through an Irn- 
portancrt Mear Weight (^^' , comp i along a scale fro.Ti luO (>'or pro- 
grams of negligible imp rtancel to 1000 U^' programs es sential a 
school). 

These three inpLit varicbles : related as foUov s,- 

EEI = Average " nx./ Jm . -nt 

(Effecivv. ..ess) X (Importance Menri Weight) 

A sample calculation, comparing two reading programs, and 
incorporating the degr^:e of L'nce linty in arriving at the input informa- 
tion, is shewn beJuw 
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Expenditure J 

t Importance Effectiveness 
ffectiveness X Mean Weight J = Indicator (EE 

(1) Conventional $200 f 50 . 25 + . 05 900 + 90 $0. 89 + . 30 

(2) Special $500 + 50 . 70 + . 07 900 + 90 $0.79 + .13 

The analysis in this hypothetical example reveals that the seemingly 
more expensive special reading program is more expenditur es -ef fe ctive . 
Thi3se results would serve as indicators to- the decision-maker, not as \^ 
iinal answers to his problems . While "area effectiveness" and "impor - 
tance" factors selected from an accompanying scale are estimates, both 
of these areas would become more explicit as the objectives and evalua- 
tion components of our model were further developed. 

After analyzing hundreds of programs and' studies of programs for 
educational effectiveness, Westinghouse Learning Corporation's TJew York 
State Systems Study staff applied its EEI methodology to 22 educationally 
successful programs. It is important to underscore that all of the 16 
elementary and secondary progranjis*, and six pre-scliool programs have 
shown measurable cognitive student gains, and employed what are felt to 
be reliable methodologies and professional practices. The Table wh"ich 
follows presents their EEI determinations, and estimates of uncertainty 
in these values. 

On the basis of the results of the Table, it is suggested that 17 of 
these programs be further "production-engineered" and evaluated as part 
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of the proposed Phase II program. 

Further development of the EEI methodology is also suggested 
during Phase II. 
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A PRELIMINARY COST-EFFECTIVE ANALYSIS OF 
SU'CESSFUL EDUCATIONAL PROGFAMS 



Effectlveneas 
$/Student (Gain) Weight' EEI($) 



ELEMENTARY AND SECON0AP.Y PROGRAJviS 
i 



Tne School and Home Program of Flint, Michigan 


2.50 




500 


.01 + 


,05 


The College Bound Program of New York City 


48,00 




' 900 


.05 + 


.02 


Janior High Summer Institutes of New York City 


50.00 




900 


.06 + 


.02 


Programmed Tutorial Reading Project of Indianapolis, Indiana 


40.00 


.50 


800 




.20 


Teacher Expectation Project in South San Francisco, California 


iO.OO 


.80 


400 


.10 + 


.05 
.05 


After -School Study Centers of New York City 


70.00 


.80 


700 


.12 + 


.05 


Self-Directive Dramatization Project of Joliet, Illinois 


73.00 


•.70 


500 


.22 + 


.09 


Housework Helper Program of New York City 


237,00 


.95 


800 


.31 + 


.10 


Elementary Reading Centera of Milwaukee, Wisconsin 


150.00 


.50 


800 


,38 + 


.12 


Intensive Reading Instructional Teams of Hartford, Connecticut 


330.00 


.95 


800' 


.43 + 


.14 


Speech and Language Development Project of Milwaukee, Wisconsin 200. 00 


JO 


500 


,50 + 


.22 


Communication Skills Center Project of Detroit, Michigan. 


?l)4.80 


.80 


600 


.55 + 


.20 


WLC Jamaica Educational-Cultural Advancement Center, Jamaica, 


500.00 


.95 


900 


.57 + 


.05 


New York 












Project R-] of San Jose, California 


300.00 


.80 


600 


.60 + 


.20 


More Effective School of New York City 


920.00 


.50 


900 


2,05 + 


.85 


Project Concern • Bussing Program of Hartford, Connecticut ■ 


1473.00 


.50 


900 


3.20 + 


1.60 



Q 
05 
0) 



PRE-SCHOOL PROGRAMS 



1. 


Pre-School Program of Fresno, California 640.00 


.95 


1000 


.67+ ,25 


1 


Diagnv;tically-Based Curriculum, Bloominglon, Indiana ■ 500,00 


.85 


300 


.75+ .25 


3. 


Academic Pre-School Program of Champaign, Illinois 800, 00 


.95 


950 


.85+ .23 


4. 


Perry Pre-School Project of Ypsilanti, Michigan 1075.00 


.80 


800 


1.50+ .50 


5. 


Infant Education Research Project of Washington, D. C, 1600. 00 


.90 


1000 


2.00+ .65 


6. 


Early Childhood Project of Institute for Development Studie^ ^ 1800. 00 


.80 


1000 


2.25 + 1.20 




(New York City) h !'> ; 
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9. CONTINUING R. h D . Educational progress, in general, has 
been hampered by limited research, development, ^nd evaluation. In 
most states educational R 8t D is less than one percent of the overall edu- 
cational budget. Our study indicates that New York State is no exception. 

Th« basic plan proposed by the Westinghouse i,earning Corporation 
13 to maintain and expand the research which has been started in Phase I, 
and creatr. special separate demonstration and evaluation projects which 
will verify the educational and cost -effectivenes s of major programs 
which our Phase I study to date indicat-.es are successlul. 

As Michael Fi^raday wrote. 



"There seems to be a natural law that 



regulates the advance of science. ""Adhere 
only obs.ir vation can be made, the growth 
of knowledge creeps. But where , , » 



expurimentd can h*^ carried on, knowledge 
leaps forwa* d, " 



J 
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B. CONCLUSIONS AND RECOMMENDATIONS 

* CONCLUSIONS , The following can be concluded from the 
Phat^e [ efforts of the Westinghouse Learning Corporation: 

The under sta'-dable confusion that exists in connection with New York 
State's educational systems' goals, methods, evaluation approac}u"J , and 
dollar funding can be ameliorated by careful development of systems and 
models similar to those which have evolved during this Phase I study. 

The growing urban demands for immediate change and improvements 
in edL!cation cannot go iRnoriid; at the samo time, they shoLild not be al- 
lowed to generate massive, haphazard programs at the expense of long- 
range, careful analysis, research, and development. 

Our initial systems efforts revealed the need for discovering and 
makir.g more explicit the aims of New York State's educational system. 
This information must come from educators, community members, and 
the students, themsiilves. Alienated groups at buth ends of the economic 
ladder are demanding, among othor things, a greater voice in this formu- 
lation. In this case, the continued expansion of the "objectives" component 
of thf-* research model is not incompatible -jvith the dernands for immediacy. 

Another important set of findings in our Phase I study was the iden- 
tification of some Z5 major success factors, and about 50 supplementary 
success factors, common to effe»:tive educational projt^cts. Many of these 
fartorrs are being hypothesized for further study and evaluation in the rec- 
ommended Phase II program. 
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Further, our Phase I vCfOrk has enabled us to hypothesize a cost- 
effectiveness model, a related -pr ograms evaluation scheme, and an 
extra-system variables identification model. The proposed Phase II 
set of projects can serve to further refine these coriponent approaches to 
allow for greater specificity and higher reliability. 

Our Phase I study has.further underscored the need for greater per- 
sonalization of the educational process. This shows up in'the demands for 
making education relevant to the present and future needs of the individual 
student, as they relate to his capabilities, those of his local community, ■ 
and those of society in general. It is apparent that greater use of educa- 
tional teclmology can a' ow for this transformation in a cost-effective way. 

2. RECOMMENDATIONS . Westinghouse'Leami^g Corporation 
rias proposed a matrix of 48 projects, each compatible with one or'more 
'■>f our information needs. While there are 12 called "research and develop- 
ment projects," and 36 called "demonstration projects," they are all ac- 
tive programs operating in the laboratory of the real world. The 12 
H &f D proiicts are called so only because they, are relatively untested; 
they do, however, show great promise. The 36 demonstration project's 
are largely replications, in New York State settings, of efforts that have 
appe." . od to be educationally successful and cost-effective elsewhere. 

The 'ollowing lists the 12 major areas to be studied, advanced, 
/' c r OS s - cor related . ano r ost-effecliveness evaluated. Each area has four 

/ 

accomfjanying projects ranging from relatively simple to highly innovative. 
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In each area, three oi the four proposed efforts are demonstration proj- 
ects, and '■he last an R t D effort. 

a. Accelerated Remediation 

b. Administrative Information Systems 

c. Cultural and Community Factors 

d. Eariy Learning 

e. Home and Learning Climate 

f. Individualized Instruction 

g. Multi ^4edia 

h. N^n-Educational Factors 

i. Psychological i-'actors 
j. Teacher Training 

k. Temporal Factors 

1. V/ork-Study Factors 
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Northslde Center Accelerated 
Concentrated Re- Remediation Study 
Sources at Fieldston 



Total Socio- Multi-Variate 
logical Learning Analysis 
Data Bank 



Project Unique, 
Rochester, NY 



Cortland State 
University of 
New York 

The Perry Pre- 
school Project 
in Ypsilanti, 
Michigan 

Plan-Jamaica 
Demonstration 
Local District 

ins 



New Science in 
the Inner-City 
Columbia Universli 

EJucational Test- 
ing Research 
Program 

Demographic and 
Family Factors 
Albert Einstein 
Medical Center 

Individualized 

Instructional 

Research 



Project R-3 Computer Assisted 

San Jose, Instructior.-- 
California Picture Phone 

Project 



Index 



R 



10 



11 



Westlnghousc Urban 
Systems Development 
CorporaClon 

Dlagnostlcally Based 
Curriculum, Bloomlngton, 
Indiana 



Sansltlvlcy and Nova 
Teacher Training 
Package --Teacher 
Expectation 

College Bound Program 
of Hew York City 



Harlem Health 
and Welfare 
Program 

Communication 
Skills Center 
Project, Detroit, 
Michigan 

In«' .vidualized 
Ins-ruccion 
American Institutes 
for Research Package 

After School 
Study Center 



Applied Research 
Division 



Total MS 
Degree Program 



Center 
Urban E( 



Cooperative Af feet i' 

Project with a Variable 
Special New York » 
School 



ResearrJ 
Teacher 
Materia 



Intensive Reading Learnln 
Instructional and Man, 

Teams of Hartford, 
Connecticut 



12 



Vocational Education 
Program 



Combination Program 
of Greece, New York 



On-The-Job 
Education Program 



Manpowe 
Develop 
Educati 



Is are coded by the numeric number shown under "Index" (1-12) followed by the alphabetic 
ame level as "Index," (A,B,C,R), e*g., 1A,1B,1C, etc. 
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Concurrently, there is a need for assessing present evs 
ments and procedures. This approach is required to develop 
pirical methodology for evaluating the relative effectiveness c 
research and demonstration projects in attaining the desired i 
objectives. In order to provide for; cross -correlation, the ev 
endure proposed by Westingiiouse Learning Corporation will t 
like set of evaluation techniques to be applied across all progi 
mixes of correlated tests to account for areas in which prosci 
interfere with experimental d^isLgii. and/or where such tests « 
rnentary or unreliable on thtrir own. 

Overall, the comprehensive R X: D demonstration progr 
areas is intended not only to further develop project methodol 
point towards optimization of the way to effect urban educatibi 
for N«:w York 3tate within the next decade. 
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Iccation in New "York State tcx 
provide an equal opportunity 

The apparently poor results 
;annot merit the public's favo 

larjj'e extent present efforts 
a non-synergistic atmosphere 

of the need to adjust traditio 
'n, scientific approaches for 

Learning Corporation's Phase 
tent scientific methodology fo 
ban education. Some of the z 
istics of the proposed second 

Trban Education 

and Assessment Program 

Expenditure - Effectiveness 

litior.al and InnQvative 

iter or ganizational 

Afialysis Techniques 




Intensification of Feedback ChannuU 

Lntergovernment Involvement, .Piamiing, and 
Coorqlination 

To carry out this effort, Westinghouse Learning Corporation pro- 
poses to enlist the aid of many of the most capable people, organizations, 
and governmental units throughout the State. The goals of the proposed 
three-year Phase II program are ambitious and significant. Anything les 
would be to deprive an important segment of New York's citizenry of a 
major opportunity for advancement. , 
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points I wanted to make, ? 

Bnitlner, I wouKl just rai 
rsity of Wisconsin brouf^h 
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ily fragmented downtowr 
^rred to as a very severe 
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r the subcommittee the m 
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g of ali of the executive bi 
1 VA, and so forth, to find c 
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ly cooks in the broth and 1 

is the head honcho on this 
ey were, HEW, 
B is confusion downtouTi, 

eve that hearings such as i 
he professionals that I 'ha' 
red before this committee, 
ilightenoil i)olicy in this a] 
[ the committee and the 
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a careful and full suppo 



Thank you very much. We 
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S. 
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ise M point that Mr. 
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problem dow.itown 
field. 

if the last witnesses 
ed last week and I 
inutes from a meet- 
entioned. 
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}ut what t'f fiboii t 
who fund:, vliat? It 
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how can Congress 
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begin with a careful 
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Iiavr l)(»(Mi routinely accepted liy most schools, 
pnreliasiu;;. deeisiounnikiuK and in.st.ructional 
litieantly improve the othcieucy (»f most schools. 

iLT. proper use of tochuol(>Ky can i)rovide more 

11 enuipnters can assist, in increasiuK the effec- 
as well as im-reasiu;^ administrative eliicioucy. 
ce (if tin* school district, the fireater tlu- need 
"Items. 

won — less ofTective than they could be. So are 
are today asked to do far more than they ever 
.^Ll). hnt it is not the maKie elixir, 
courseware i)ackaj;o is n.sed at a hirjce ntmiher 

dp the prol)leni — provide motivation and iuter- 
[■her tinn». Hut compnt(»rs will not replace tra- 
r suspect nn>re teachers will i)e neede<I with the 

IS." 

Iways uuderuiiuo advances due to teoiinolosy. 
n>loLry with eost-etl'eetivenoss (directly) nuss(\^ 

<coros — No 'efl'i^cti ve consistent criteria for suc- 
.ulividuali/.at ion — (Jood iudi vidnaliz(*d iustruc- 
iiue. 

ion somewiiat. 

r trainitji; programs. Wilue.^s the "New :\Iath" 
of lack of teacher preparation (in i»art). 
forward. However, new concepts of e<lucation 
are needed. 

ive .and eflirient, ])nt the etlucational deunuuls 
dp. 

e lioth less effective and l(*ss eltieiei;t than llu'y 
)w drastically computer {rehunl(»^,'y cnn <-lianKe 
dniity Imt witJiont un»re widespread computer 
rde<l as nothing' more than an ex.peu^ive status 
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Research rindii 
of CBE on learn 

Computer is nc 

Computers do i 

My inniitiou ii 
on literacy. 

My own child' 
for large .se^mei: 
not use of studen 

To be eiTeotiv( 
cppt of the iadi 
efforts in order t 

The prol)lo:nv! 
edjte oxplosio:j. ' 
niatfly honnd u\ 
renr n;;e. To ox 
duriiii^ the dcojH 
l)ooks inr-roaMHl 
Hook Trfide Inf 
also i)fen shown 
crfuse^l over 20( 
tions of compute 
.\rarcli lf>7oj. He 
related job indii: 
leled the knowli 
the Jobs faciii;,' < 
(^vnseqiiontly. a I 
(^xlstini^ cdiieatir 

Tt, used to be 
work. Today we 
tju» eiirri<'UliiMJ I 
innve thf (Mirrioi 
Mverwlielriied wii 
tioiial lotcistios. 

Xoto that T fo 
lion of wlu'HitT 
schools, not on v 

The problfMas 
terbMoloKv ran i 
pnlsory rdncatioi 
inK arti\-ities : 
institntiiins nii^ 
artivities. This. 
Conipnter t^^f-hnr 
v/ltb local resoni 
delivfrinK last rn 
in The edncation 

(Jiven the rni 
pnrprtsos, little r 
far. the new mot 
seats a new devi 
cnrririihnn eonti 
inff>rnintion shr>i 
to rlr> or to i)roK 
them the ability 
can nirild tn thei 
1)0 nsed to tench 
infr)rniation. the; 
is available on tli 

ConijHiters c(» 
instrnctjf)n. 

2.' ;*onipnter ^ 
in practice. 
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:on.sistpnlly show the power and impact 



111 very w».»ll. 

us Ki^'jit as the priijting press has been 

i need for 'individnalizod" infjtruction 
inn. By efficient. I as.sume cf>st/l)enefir 

Imolo^ry must be harnessed to the con- 
on. We must decrease mass etlucation 

least partially a result of rJie knowl- 
ilself is I>nth a reflection of. and inti- 
idity of chan^^e characterizinjc our eur- 
xplosion phenomenon is the fact that 

seventies, llie number of titles of new 
)le the Bowkep Annual of Library and 
. Tlie rapid growth in cominiters has 
ion explosion in that deeade. It has in- 
ind over 1200^;^ for dedicated applioa- 
iod of time (e.K., EDP Industry Report, 
xplo.sion is th(» fact, that the eompuler- 
Kes in job.s in creneral have also paral- 
on. Kstimates are thaf some 80% of 
y sehf>ols today probably do not exist, 
ifi: littjracy is an e.ssential part of any 

the cla.s'sroom where be could do the 
he cliild with liis ajfe ;:ronp and brinij 

much easier to uuive children tlian to 
»aeh diild. The teacher is swamped and 

is a ureat aid to tbe teacher in instruc- 

f)usly stated. I answered it as a ques- 
e iho effectivene.s's or efficacy of the 
I' ofTective or eflioient. 
m frf)m deep social luirest. Computer 
tially. unless a major revision in coni- 
ew teclinolofry can play a role in return- 
k environments: .separately designated 
ml nmnaRenient and special interest 
' custodial natnr(^ of ])ublic' schools, 
(iahle for general home use, combined 

encouraK(» ehauKCs in the structure of 
euta! resistance tn direct participation 
lisconrane any such chanKC.^^. 
ch usiuK computers for instructional 
.Mit of instruction can l)e predicted. So 

a new delivery system. Often it rcpre- 
^1. To -'drastically" afTeet schools, new 
cress, control, etc., of vast range.s of 
oniputer) students today are learninjj 

not being taught .skills that will give 
make tlie computer a media tJiat they 
example, tlie computer technology can 
( neodt^l to research and to synthesize 

sclioojs more effective. Lit tie evidence 

le delivery l)ut the very content of 
items Imve proved effective (efficient) 
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I'vcqueixcy DiHtrihiUion 



Percent 
20 

an 

28 
4 
4 



Kfficient : 

Strongly ag 

Agree 

Neutrul — 
Disagree — 
Strongly di 



COMMENTS 

eutfted management, hut do not 
f) provide Information as opposed 
►en quite helpful to educators. 
Mliicators are faced witli large nu 
ids and :i det^ire to offer a wide t 
ed effective wlien used iii conjui 
m (IMS). 

iistrnctio!! has resulted iu niore 
school districts Imve been mor 
etficiency vs. improving instruct 
ttle work has l)tH}n done on using 
nagement. 

ve. when used well Sometimes ai 
rained l>ersous use properly dosi 
►ort this, 
e than CAI. 

iplete misunderstanding of the 

e as effective as instruction heii 
iction far beyond potential of ma 
to complexity of human factors 
otentially. 

:MI can help make the overall e( 

have sufficient learning skills to v 
rners without such skills will ne 
tive instruction. 

mt most effective uses of instruc 
ated to what to do with data wh 
)f CMI. 

>gj- and software developed to dai 

)erience with computer managec 
ttgement of business have clearly 
>erations of a busines.s. There are 
I to do witix social changes brough 
y's pai)er flow. But for instructic 
i closed instructional .packages c 
ouble is, education should not h 

Instruction Systems have prove 

Frequency distribution 

Percent KfRcient : 

^_ 41 Strongly a| 

30 Agree 

15 Neutral 

7 Disagr'ie - 

2 Strongly d 

COMMENTS 

urement has been produced. 
)ved effective only in limited slti 
and circumstances. 
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In carefully selected environments, e.g.. Ci 

I know i)f no j;o()(} data siii>porting CAI. t 
.«:tory — it's tremendously effective. 

Effective — When application is i)roperly r 
properly designed and developed. Efficient- 
nine: factors are attended to. 

Especially in the military. 

Not proven to'be — but some forms (dei)e 
simulations could be revolutionary. 

CAI is still not a proven approach. 

CAI . . . suffers from lieing seen as a map:i( 
Most available CAI material would be just 
does not make full use of the instructional j 
wns liJii)py ju.^t «<'trin;; anything written.) 

Hut tho full impact ha*; not been realize 

If nso<] as ;i sui>plenieut to ••traditioniil'' in 

The onlv tiling wo really do know about 
is tliat ll_\y' effective in training stu(lent.s. p:e 
and in a .?hfjfter amount of time than non 
has been comi»ared. This says nothin;;. of c 
ne.ss in all i)arts of the .school curriculum, 
the (lucstir.n. I bolicvo we should accept wi 
.schools that show CAI as the sole reason fn 
.K:ores (in rt-adinp: and niath«.»matics) : oft( 
tion of the increased attention placed on 
t'mphasiz*' the teachers heroi wh*) arc using 
instrn('tion:il systems themselves. I am. of e 
lyst to encourage :in interest in learninir; 
tainiuK. fine, hut we should he n^minded tb; 
tliat lets us measure all the reasons for t 

.Man and nnn liine need to work in concert. 

liest example is Suppes' math wliich is of 
ai)i)roaches are more costly. 

The facts are in and tlio data are convii 
elfivient and effective niedium (»f instructio 
skills. 

TreuM'ndous variation on hotli counts. 

is eflect iv*Mvhen operated by properly 
Very (Siflicult to really assess. 
CAI stinnUates creative learning and teac 
Uesearcii on the cost-effiKrtiveness of CA 
level. CAI is apparently effective as a sup 
ticularly for disjidvanta^ed stmients. At the 
C\l is :is i-ffeetive as traditional instructic 
and can also residt in sulistantial savings o: 
in instructional eomputiriK has been largel; 
effect iveues.s but on tin* basis the vaiue-ai 
nient in instruction. 

I-'ffecti vcness inis been pniven : eniciency 
I*rMhbMii is mostly because people expect 
4. What human/organi/.ational factors a 
nienfatiou of cirinT C.MI or CAI? Teclmica 
crucial? 



.Vuthorship support, capitalization, key po 
c.'ition of facilities. fAll equally critical ) 

Kducatiori is labnr-intcnsive, and will \n^;<\ 
sliould supplement, nor replace, toiicbers. 

Teacher and institutional understanding a 
and orKauizntional. 

.Making It easy for teachers to use. i)lus 
!)«» inte-^rated. Well dcsi;;ncd materials th 
knowledge of how to "adopt and manage." I 

Ucrtraining teachers UiKvssary to change 
orchpsirator of instruction t vs. deliverer). 
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c to tell lop niarmKtMnont the truth about costs, iincertnintios 
Iithciiliics of iniMciruMitin^: ('.Ml or CAI. It Uk'js a real conmiit ' 
ich .yLT'r()-l)o-krio\vri abojit human ro^nirivc pro<'o.s.st».s. 

critical. The rolo that t,<-n<-h(Ts uiu.st play is <nutii dilTerent 
'i\ U(*\v hahits. 

a kiiovvhuik'eahlf focal point. ([>) Whero and whon should 
oifv ho applioil. fe) The mauaponiont prohloni rmplicHl in (a) 
actively y.»n imist hv VTy dear at thr outset what v«.n o\pcct or 
to lie \ t)r h.»vv ynu want it cliau^rech. 

Oicult ^'ot authors to write really ^jood lessons— hooauso if thev 
tah»nt. wliy Mc»t write a textlmok which wider distrihution 

:iehers and other educational personnel is vital. 

lisrratiou awareness, training:. Inexi>onsive computers and 

staff : Th(» availability of h.Jjrli nnality materials; The develon- 
tor-culttire amonjr sttidents and faculty; Kasv acressihilitv to 
.Mit \V(»rk*shops. 

s^tionai: Manajrerial rrapahility. creativity, understanding, 
tic. Critical Mass, pood software, g.wd communications and 
•face, hi^rh roliahdity. Hoth factors are oquallv important' 
'olvetl in the e<lucational process must be included in the C\I 
H. teachers, parents, administration). .System flexibility to pro- 
II tr.cse above. * 

school pcrsouuol. understaiulinjr iiy the community. aiTordable 
tware. 

ould ho nexiide to meet the noe<ls of users, 
appropriate instructional material, eomputer hartlware too 

visory leadersliip by educators who assume re.^ponsibrli tr for 
Tstructiou. 

to h(dp the teacher solve his or her work problem, not just talk 
iton'd materials, fltimately, the cost and iwwer of hardware 
Nmate ix>tential. Hut in order to make it work, a hi;,di minimum 
s re(pnred for a miniher of years. AltiiouEjh almost everyone 
luaii factors are most important, in truth when te<-hno'io^ is 
It inevitably transcends human concerns, as in the develoimieut 

eachers—nnwilliuj^ness of college admini.strators to look oh- 

teaehers. r(>mi>etent lo<'nI coordinator of CM activities. 
(1 ar t as an addition in or elaboration of current i^Iucational 
replaceiiiCiits f^r. Successful applications liave bc-en in Ihi.s- de- 
iccrss. I think. Is d(»peiui(MiL on it. 

^/orffanizatioiuil factors are related to the lack of success- in 
•f cithfT r.MT or PAT? Technical scientific factors? Which are 

COM.\rE\TS 

1 uiideriuine tho surce:,s of CAT: fl) implementin;: a pro;:ram 
i«*rs iniderstandiui: its roie. (2) attemt>tiiiK tf» start a pro^jram 
iiinals. fnless a toaclier has euous:h terminals wliere she cap 
of tiie i-Iass at a time, the teacher feels that kids are cohstanth 
to rAI and slie never has the wlude class at one time. This 
I to lir ;i liinflrance as wtdl as an aid. 

si on that some etTorls have be.-n handicappcfl hecau.'^e of inade- 
t'k oi* '•.mtrnl. hick of supimrt. ainriteurism. jmuI uudereslima- 
; and resources required. From a t<vhnieal sj.mdpoint. we are 
VI' k.iow a ;rrejit de;;I nmre if we .are ever iroimr to i:ot to the 
ui H'ally enciiieer the iusi ruction from a i)roce's control 

iuair>r tef'iuiw-al prfwdcm but is tadinjr. Disinterest and hostib 
-Imts rentered f'ontrol of class and students is not in tuno with 
successful use of computers, 'f 'ompnler lit^'raf-y' is hard to come 

usrTs and ))Ublic. .Many educational derisioumakers are unaware 
f computer ret hiioIoK'y. O/ip between esistt'ot techuolo^n' and 
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knowledge ot tUo means to apply thi.s technology. Instruetors may have informa- 
tion aluMit CAI/CMI i)ut: often have no idea of how to use it. Equally important. 
Lnck uf cleiirly dettnotl objectives. 

Failure to involve nil concerned early in the pianuinK sleps makes implemen- 
tation difficult. Lack of adequate i)exsonnel training contributes to lack of sue- 
ces.s. Initial costs of eipiipmeut and lack of adequate courseware for many .sub- 
ject .s llujits desirability of CAI in many cases. 

Teachers are fearful of u.sing CAI and administrators see CAI as exjKjnslve. 
Few educators can do programming. (Factors are equal.) 

(a) Insufficient resources or time to develop an operating system (nsxially up- 
to-dve years) ; (b) Lack of technical training; (c) Lack of cnrricnlar materials. 

Human/Organizational : Poor training, teacher, in.secnrity, mismanngenient. 
Technical-Scientitic : High cost nf software and systems: slow response times; 
Complexity; Poor relinhilily. ^' -re failure stories related to the Hnmau/Orga- 
nizational areas, e.^ix'cially iiderfnnded, overanibltions programs, and poor 
ninnagement. 

Lack of flexibility . . . iwclnsiou of teachers from an active role. 

High cost, resistance by educators, lack of Federal support, non-rocognition by 
industry uC educarion or as a potential bKrratlvtj market, lack of audio capabil- 
ity, grapliics, etc.. at a cheap enough cost. 

Too often, CMI .systems are inflexible, ;ind require users to adnpt or change 
behaviors to accommodate tiie system. 

Tendency in education to accept ginunickry for dealing with difficult problems. 

I.ack of enough high-quality courseware. 

Insufficient development support, undercapitalization, authorship external to 
production environment, poor software and (lata base development, lack of insti- 
tutional support (in order of crnrinlity). 

Ignorance and lack of interest. Overstatement by developers of the systems 
capability. Cost is too high. 

U) A curriculum, or teacher, that cannot be adapted. ena!)ling the computer 
resource to *t1t* an<l functtrui wtdl : (2) Technical scientitic— no one knows, really, 
v.iuit a successful implementation is, given the high cost of a computer resource. 
Both.** 

Without teacher training, the program will fail. Technical Scienlitic factors — 
we've hern thinking too 'big* i,"it CMI/CAL Very small. lne.\-i>ensive applica- 
tions can show more cost-effect ivene.'^s, and can be deliver^^d without complex- 
systems and supra-sy stems. Both are crucial. 
* Autlioring of individualizf^d instructional material. 

I \v(Hild add that no existing iniplemtMitatiou comes even close to utilizing 
what is known about the teuching-learuing process. 

MatJ-li of application to need. l*se of interdisciplinary teams vs. Cottage-Indus- 
try-Reuaissanre-man approach. Ade<iuarc funding. Adeqtnite political support. 
Adejpiate planning. Adequate Management. All are crucial. Instructor roles 
ohan;;ed to Instructional Kvalnator/Manager/Problem J^olver. Economic accoui- 
modarion would be mad.^ in'that Instruetor/.Stndent ratio must be increased grad- 
uallv to recover costs as svstem unit u res. 

The factor I wou'.d like to enipbasbe is that the "end users" must be part of 
tlie d»\«^i2:n process, sjwcifving tii^ir needs as well as learning the new possibili- 
ties. In ihf- case of CAI ai(d CMf. I refer to !)oth the teachers and the students. 
Teacbers* attitudes are quickly iiieked up by their .stu( tents. CAT or CM I can only 
be succt?.<sfu! he tejirhcr^ (who miijbt In* parents) approve of their applica- 
tion and, ther-- .-. cooper:- 1»' in their opt i nut 1 use. i::itimately. the .systems must be 
dcsimied ^o allow student foturol. not u(Mvssarily of the choice of the central 
instrnctiomii niateriiU. but of the choice of ^'spin-off* a[)plications. such as pro- 
viding new data or wirini; prou'rams tlnir make new use of the given data. 

Th»» l(K'k-<tep natnre of rln* courseware has i>ositiv(» value for some users, nota- 
blv coniniuuitv r(.ll.^gc student-. v(»ung adults wlio appreciate the advanced si»eci- 
tication of course obirvtiv<'s and the precist^ knowJedg* how to obtain .success- 
ful course conipletioii. But I b«-!ieve tbut the technology is more .suct^cssfnl wnen 
it** u<»- is not const r:iin»Ml bv the i)rnirranuainir. when the teacher and/or student 
can modify the system to fit their ixirtlcnlar needs. (As n-e have no long term 
exiM-ricnce in a general eflni-ation pr»grAni, i was comp<'lh'd to qualify the pre- 
ccdinij s^at^uacnt with the t^-rai -believc'V) WV "an liUeu this situation to provid-. 
iug the teacic^r -learn.-r with a t^-xtbooU that mu<t be presented exactly as 
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selected for srudy. From this I su^^^ost tJ 
purer will ho iis a nu-dhi for tiu* stum 
infornintioM : onvv. rotriovoil. the inform 
;uinlyz»Hl in immorons w;i.vs hy nv;ul;il)lo 
or;;niuzO(l, tlio inf(»rin:i(ion <r.in ho sron 
directed retrieval hy the user. Tecluiieall, 
i)rovid(» such coinput':*? s> sterns for oducri 
av;iilaKillty (»f the sysr.-ms will nu»an. ' 
systems ;don<\ \\-ithour well-devised eurri 

(^hviniis teehnieiil prohh'ms exist at all 
and software, appropriateness of eourse\^ 
on the learners hy atreniprs to pn-sent n 
denyiuir the learner ace«*ss to the ahility U 
pie. pro^jramniin^r) . 

School.s generally resi.>^t. CAT/CMI. At 
CAT ('^[1 are too hicrli. 

II/M: \() oil,, knows, f'ulrural rigidity 
known soiun to he hijr harriers, in e.dditioi 
answer. Xew educational concepts are nei 
tlonize e<liM'ation when we don't know 
Technically, more and better person/mach 

Lack of willintmef^s of faculty and sclu 

Failure to understand or apply basic i 
the student population. 

necisi.»ns in public edncatitm are decent 
tir»n time M'J-15 years* is needed for a 
as part of the normal way of conducting: 

T]i»- < *A I ifleas a PM nor very inspirinc:. 

i Mir sr)i(M)I systrms need evolve av 
^^hi' h assnnu.-- ihar evt^rynm* learns at th 
away from a system heavily <h»i>endent -.n 
an* '-otiser-i a t i vc nru'aniza lions, so this e\*ol 

Compnters siii:L'est U'.easnrenu^nt. The t 
themselves a> threa renin;:. Faculty ince 
l);ii-«Mtt dbif-atiitii ah«>iir ci>nipntcr applic.i 
today should i\or he equated rn thai of 1 

PoDr ra-k Mrientarion. T.aek "f conipurei 

r.ack «»f <ui-<f<r: tn ilaJ.' IS -.iniiily hcraii 
.vt'T advam-i'd ;-:im:i'^!i. S.-h'H>I sy^tcnis m:i; 
f<»ar i>f tt»rhn.>!'<::y df i-.e-nia ai:ainst inno^ 
he^'U w.'irrantcd. 

Lack <)f euuipment and lack allocated 

<*Mr ftr <*AI app*M!(b'«l tn i-<»nvcnt iivna 
opportuniry fdr su'-ccss l>*M-aii>-e <if tin- ihre: 

<5. ('ompat'-r^. e<pe<'ially aftrr -^'aiiis nia 
sent a siruarion as r»-V(>liitinna ry tor our 
printin;: i>n-<s. 

P'rerpunu-y distrihurion : 

Srrf>nirly a:,'rec.. . .. 

Airree . . _ 

-Ventral _ . 

nis:ii:ree ^ ........ 

Stropirly disairree 

r ♦'Vpe^r iiiiiTot'!»'crn>nic< r»'c)inoIoc:y wil 
Uur r»'ni»*iiilM'r. the prinriiii: pre<s didn't 

of niir lives. 

]^lt remember, the printinir press jlidn't 

al»h' rorr''sp<»nd»'n<'»' ronrscs liav.ai'r snlv»* 

pnibleuis. 

It is nnl.v a ri evf iMision of t b(» ]>rint i m: pre 
Hilly wbfU ''oajfled \\\\h vidcfMlisc that : 
and nioriMii ulns ho(»k potcurial rhroni:h th 
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Liggi'sr tliat I he most prnmisinir use of tho vnm- 
!k* storairc and retrieval of Uirpo aiunimts of 
' iiiformnrion can be put tn^^other, displayed, 
vaihil)l<' rcols or new pro^^ramtninjr ; oiico (ro)- 

l»e srnrod in new ways for niorc porsunally 
cliiiically, wo dn not as y(-t understand liow to 
or educational use nor what the results of the 

mean. We sliould assume, however, that the 
:ed rurricuhun, will not Ix* '.'ffective. 
st at all levi'ls of use: roliai)ility f»f liardware 

coursewari-. and arrifirial coustrainrs imposed 
reseat materials on inappropriate nuMlia or l)y 
ibility to extend Iiis studies (through for exaul- 

CMI. At tho present time, the total costs of 

ri^ndity and nnwillinf^ness to explore tlie uu- 
juldition to money. But more money is not the 
i :ire needotl. How can microprocessors revoln- 

■ know how to 'design eilucatioual software? 
r>n/niaehine interfaces are neetled. 

and school to snp[H-)rt the implementation. 

■ basic instructional techniques appropriate to 

■e decentrjilized and therefore more demous'tra- 
'd for all of the decision makers to see CRE 
ductiajr oducatiou. 

>ipirinc;. That's what is hohiing things back, 
lolve away from an f)rKanizatioual structure 
ns ;ir tlie same rate and in the same way. and 
iident ..11 the b*rfure. T'niversit.ie.s. partioiilarly, 
I his evolution will noi be e'isy. 
t. Tht^ tencher of today views measurement of 
Ity incentives are important, as is faculty/ 
iipplic.iritMis in insr ruction. Note, the CAT of 
hai of lOtM. 

■omi>urer science expertise. 

ly !ieraii<c 1th* (ecimoloiry :nul software is not 
cms m:iy (urn out lo 1m* a proldem !)ecause of 
isr innovation, bur ii> datr their resistance h.as 

illoeated funds for edn(*;Uional techuolojry. 
c»*utional instriictioii formats has \ery' little 
tin* ihrcats post-d lo i>ei-sonncl. 
:iins iiKidf in micro i-lec} ronir.- f i*chn<>bt,iry. i^re- 
for our society a> that r>f The iinentiou of the 

Pcrccji t 

TO 

, lifl 
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(^OMMKNTS 

•loETN will drastirn!i\ impact nearly all aspects 
is didn't ;rive ns i:reat literature and the nvail- 

ns didu*t ;rive ns irreat literature and the avail- 
I'r solvi'fl many of our training' and education 

if ini: press. 

sc that alb»ws m vie iT.\*.) format with souml 
rnmrli the insertion of hundreds of ^till frnmp< 
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Not that drastic, but a sint^quo-nou eonditloa for survival. 
Almost as revolutionary as the priiitiii;; press. 
If thuiij;htfally used. 
Potentially this is true. 

There is no way :u aalicipjite the full impact of this technology on our society. 
Whorf (piantitative projwlions iij've heeu made (i.e.. number of computers in 
u.se in T) years, etc.). they have almost universally b^**" seri<msly mulerestiniated. 

.More so when soriety is l»oner able to nccei)t and u.se the technology. 

This is particidarly true in the ca.se of general purpose microccaiputer?. These 
are beginning to .show up in cars and household appliances and have the poten- 
tial for nia.s.sive mpuct on tyi)e and degree of training reqiured for operation 
of indu.strial auf' -service equipment. 

Will iKJCome ( .aunonplace. , . ^ 

The interactive, learning iK)ssible with computers will change all our educational 
institutions. 

They deal with intellect and communication. 

Computers have the iwtential of being as important as the printing press. 
The micro electronic technology developments have placed i)OWerful computers 
v.-ithin tiie economic reach of the average student and citizen. However, the 
r^igiiiticant innovatiou.s and apphcatioiis needed to create an educational revolu- 
tion .still lio ahead of iis. ^ x. ^ -u i p 

.My response rellect.s my previous emphasis on the use of the technology ror 
acvess t(; y\) previou.slv uiiattaiualde kinds and amoimts of information and 
(•') methods for viewing and manipulating that information. The printing press 
represented a major change in the distribiit;ion of information; small computers 
owned bv individuals but linked over networks to public or private data bases 
(libraries* represent not only new and revolutionary methods for the distribu- 
tion of information, but alsir for the use of that information. 

7. Noil traditional tKlucation though home-owned computer based education 
is inevitable. 

Kn^puMicy distribution: 

Strongly agree *| 

Agree 

Neutral 

Disairree ^ 

Strongly disagree * 

(o^tME^'TS 

Limited to !i subset of areas; often prohibitively expensive. 

Thr>n;,'li onlv as a supplement to puldic education. One quetsion : accreditation. 

Kn te r tain men t is inevitable and. therel)y. some education. 

Poientiallv ( Ko<-all. lunvever. that T.V. bad the s- lao l^o^cntlal.) 

Home centered use of all types of information utilities, services, and capabili- 
ties is inevital)le. . 

The i>otential is there, but it will require the appropriate social milieu. 

Onlv proidem remaining seems to !>€ courseware. ^ ^ 

But not iiecessarilv as the re.snit of .system.^ acquired specitically for educa- 
tion (the effect of T.V. is comparable— T.V. was probably acquired for enter- 
tainment in the tvpical home hut has iuevitaiily led to learnini; that is not al- 
wavs of a desirable tvpo — e.g. violence, passivity). The ubiquity of interactive 
<-oii*iputer systems nncludiiig games attached to T.V. sets and home computer 
^v.stems> is goim; to have a similar eOect whether planned or not. 
\\o c-urn<-uluni is presently available for widespread home use. 

But only as supplemental approaches to education. 

Tt probably will Ixj T.V.-based. too. 

Mav depend on commercial success. , .^i.- x 

.\d!ilt. perhaps: elementary/secondary, no (education requires baby-sitting). 
It is a matter of time, really. 

Systems will have to he almost foolproof to l>e succesittul. 

This fart is InM-omini; clearer and clearer— just witness the (Miristmas adds this 

^*''But!* it remains to be seen to what extent such education can support or 
supplant fnnnal puliiie * (bii Mi inn. 

People need social interaction as a part of their education. 
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It's just a matter of time. 

It will hapiH'ii, Init tluTO is no jjuaraiitfH' it will bo ^'ooil o(lurnti(»ii. 

It (lepena.s on what is meant by iuevitr.ble. Traditional education will be 
around for quite a while. 

If used as homework, fine! If seen as substitute for school-based education, 
bad. 

Esi)ecinlly in the area of games. .\lso. iu order to use computers to increase 
our laziness we will often have to leam new skills iu order to use them. 

The advent of couiputer-b.ased education iu the homo will be Inrsely duf^ to 
factors out.side education. The energy crisis may load us to substitute telecom- 
munications for travel and consequently we may return to the l^ome as the center 
of education. Home us<? may be ine\i table for special prroups such as the elderly 
or the h.'indii-uppod or for special purposos such as leacher training. 

I must repeat that delivering instructional materials via home-based computer 
systems means a, return to the home. Education in ones home is not non-tradi- 
tional. Just non-ciuitemporary. It is not dear that the ultimate home media 
will ho the computer, but th^ computer does seem to be serving as a catalyst, 
gettins: educators to rethink the institutionalization of learning. Its value lies in 
providing material.^ and teaching methods to les^-advantaged homes, countering 
tho^ possibility of locking children into the educational level of their parents. 

To some extent. Our experience has sho\\^l, however, that, school children 
learn better in groui)s, even when they are learning on the terminals. Although 
the instruction is individual, the child needs the support of the groilp and wants 
t(i share his success with his peers. Often these succos.ses are very subtloly com- 
municated, as the child appears to he whispering to nn one in particular, "All 
right 1 Hey. I got it! Wow, a hundrfvl percent correct!, etc.*' AMiere we have put 
children on terminals isolated froi., nther children of elementary school age, 
their ontliusiasm noticeably diminishes. 

Ilnme-owncd computer ba.^^ed t^ducation requires some type of governniental 
action to make it worthwhile/or most f)ptimal. 



Frefiuency distribution : Percent 

Strongly agree 28 

Agree 20 

Xeutral 28 

Disagree 7 

Strongly di.'^agree 15 



co^t^tE^•T8 

I'd rather deal with a reliable business ;. government is not gimranteed (on 
basis of my experience) to produce either worthwhile or optimal products. 

Otherwise, it will be haphazard — at best. AAer all, quality education is difficult 
:ind e\i»ousive t(; construct and the immediate payoffs (seen i)y industry) are 
dwarfed in comparison. 

Probably in the form of compulsory standards and "truth in advertising**. In- 
centives should also be con .si d ere d. 

Private industry wil introduce games and entertainment — not instruction. 

It woul^d proi)ably take government interaction to nnike it worthwhile ijut it 
requires careful monitoring. 

I believe that government action is needed to more (piicUly move the tech- 
nology- into fornml schooling, and to stimulate the constant dt-volopment of more 
adequate courseware. 

To particularly bring the cost down. 

The commercial market mechanisms will probably have a greater influence 
on home-owneii computer based e<lucation than any govenmiental action. 

Supi>ort of research as well as regulation for dis.sominatinn. 

Some efforts should be e.xpended in this area — but not at the expense of other 
programs — and not a massive shift. 

Quality control cannot br achieved otherwise. 

Home computers will develop very nicely if the Fe<leral Government will 
just stay out of the way. 

Put the money into good instructional software development. 
It probably would benefit, but may not require it. 

Yes. provide<l it must i>e very open-minded about what can bo done— history 
shows govern meut "action** is not very good at this, unfortunately. 
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Station ■auf'uSn .....in, .arly .tages would bo bolpfnl and intlnentira. 

:u lolrcost-Ly ^1^^^^^^^^^^ three semester hour cour^■e or for one year elemc- 

'^''JovenmZ"''J'houUl just couc.ru itself with pul.lic e^lucatiou, but not just in 

computing. . . 

The niomcutum is nlreii(5y liuiltlin;;. . •„ i,,_,.,,„,ioii 

I'r.ihubly onlv iusolar ns iu:uiriug that enough Imsic '^"■Sesf'^'' '» '"st^rwtio^ 

using the meditim is performed to instire thnt a high standard of quaUty is 

''*bV.ler.T'acti..n is required t„ stimulate availability of curriculum materials 
and to :'reMt. the mass uuirket which would put equipment in the pnce range 
for indivitUialjj. 

PorUnps in need for staiulurds. 

Otherwise it will hciietlt primarily the amueut memhers of societj. 

I vestineiu l.v rh.' ?;overii'ueiit could si).Hid up the process by .decades. 

If ••l^r.^umoiaai notiou- lueaus competeiu-y-based granting of academic 

''"Vvitral ^loverumental actioii is reciuired to change the ?omPulsory attendance - 
laws ami approve new methods for certiticatiou ; ^^py^^^^^^t specitlcations are 

Ale for computer courseware: extension of state methods for the apprONal of 
s cr n u 1 materials for con.puters ns well as conventional f^^dia are dejdr- 
•1 Me a^ well as stutp guidelines for nmuagomeut of home-hased programs. This 

,r haldv opens a need for parental as well as certifted-teacher training pro- 
Kr as and the u^M-d for central resource centers for stndent-teacher interaction.s 
and gnmp ^ To give access to all school-aged students such centers 

would necessarily havettt> he publicly administered, 
a Computer literacy is a desinil)le national goal. • 

A erccnt 

Frt^iuency distribution: 

Strongly agree 

Agree ^ 

Xeutral Y 

Disagree o 

Strongly disagree ' 

COM MENTS 

II will nrobablv be more important than claP^ical. mathematical literacy! 
Just as paiKT/rcncil literacy has led to diseo%Vries unimaginable it seems 

likr'v that (-(anpurei- literacy will become a {H.werfnl tool for thought People not 
able* to utilize this technology will be the functional illiterates of terminals. 

Necessity/ 

Computers are here to stay and we must all learn to use and live with them. 
Too much ignorance exists. It should begin in the schools, preferably witn 
>iudenrs 12-14 yi-ars old. 

Cortainlv les^ iinK>rrant than oiieri:y or t rans|>ortation literacy. 

Schools "spocialize in teaching languages (KngUsh. Spanish. Math, rhysics, 
ctcK and rhe (-(.mput^-r language is nue of the most powerful for a student to 
kn«'\v in tomorrow's society. 

-Lireraoy- means Icnowing hou to use and program a computer— not just 

awareness of t*omputers. u i^n,.n 

.Vot anymop- nccessar.v— in fact, less necessary than everyone having to learn 

if) i:ar<lcn. cook or drive. 

Kor m(»sr of the l>«>pnlarion (r><'>-TO';' ). ^ . ,^ . *. i ^« 

Hut th.Tt. :trc -'-vcral IcveN ..f computer literacy, which itself has not been 

ndequatclv dctinot* , <. j ^ « 

To a^ree hore^vould be like proposing automobile literacy or electronics as -a 

iiarional i:oal ('.vocau>c people use them in their daily li^"*'^\- 
The degree of computer literacy in the cmning years wdl be an intellectual and 

economic "amplifier s That is. an advantage in computer literacy and facility wiU 

accrue prnj.ortioi^ally larger benetits as time goes on. 
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Especially for "traditional" education. 

This may occur almost automatically as microcomputers become more a part 
of the environment but could be helped by uilnimal supplenieiitatiou of math and 
general science courses In elementary and secondary school.s. It is not necessary 
to make everyone a FORTRAX or BASIC programmer. 
• Cnn be l>est achieved by H'lf initi.".tive when equipment is available to the mass 
. market — CB radio and aiidio-cnssett recording are examples of this concept. 
AVe are a co0irjut*»r- oriented society ! 
All types of aterac* are to be desired. 

It will soon i>e Uf* basic a skill as arithmetic and it will continue to have in- 
creasinj? Influence on everyday life. - 

Dealing with computers is a part of life now, and so courses in programming 
are as necessary as English or niatti. 

It is not possible to disagree with the notion that computer literacy Is desirable. 
The printing press made books and other reading materials generally available; 
paper and pencil, cheap and portable communications media, made the ability to 
write generally available. The pervasiveness of the applications of a medium 
demand.^ literacy about its applications. Note, I said the '•applications" of the 
medium, not necessarily; the medium itself. For example. It Is not a national goal 
that each person understand how carbon is formed into pencil lead, but It is a 
goal that each person know how to write leglhly with that pencil lead. Similarly, 
it Is not a deslrahle goal that each person imderstand the electronics of a com- 
puter, but. given the growing, use of computers In businesses, schools, and home 
entertainment and appliance centers, it is desirable that each person understand 
how to use computers,' how to control them. To protect users of any medium, It 
is also desirable that the user understand the limitations imposed by the par- 
ticular medium (for example, programpiing constraints can be imposed by size 
of computer memory not by the definition of "computer") . 

With half of our Gross National Product (GNP) involved with information 
and nearly half of our labor force holding informational jobs, It Is clear that 
ignorance of computers and Information proce.ssing may cripple an individual 
tx'cupationally^and. as a consumer. Universal literacy makes it possible for na- 
tion.s to introduce new innovations and technology which can improve national 
well-being and productivity. Without it. Innovation becomes much more difficult 
and takes nnieh longer to achieve. Moreover, an informed populace can more 
intelligently exercise the control and use of computers in an information sof^iety. 

10. We need a national commission to look into these and other issues involving 
computers and their role in the learning process. 



Frequency distribution : Percent 

Strongly agree : 30 

Agree . 26 

Neutral , 26 

Disagree 1 1 ZS—I 4 

Strongly disagree ' 13 



COMMENTS 

.May bp usefid. but I think national commissi on.s are overrated and overdone. 

Could be a two edge sword. If the commission comprises men of vision, then 
yes. but few people grasp new paradigms that easil.v. 

We have already had many commissions; their recommendations have not 
been acted on. - 

A commission is not thp appropriate vehicle to Investigate these issues. 

Need to include someone from the gifted field. 

The changes of the last decade have been rapid and have affected all levels 
of wlncation. If we are to achieve the goals of quality education and equal op- 
portimity we must assess these imeven and rapid changes and provide for n 
more equitable distribution of resources and a more cost-effective product. 

The sooner, the hotter. 

National support may be preferable. 

It might be a good first step. 

National level important — You get the best poople. and the scientific issues 
here are complex. 

Commissions tend to codify or put an imprimatur on what is already known. 
Commissions are a waste of time — look for creative Individuals. 
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Better results might be obtained by commissioning several groups, each com- 
ing at the problem from a different perspective: computers/hardware, course 
content, instructional science. 

We need tn know what is going ou and to disseminate information to aid 
progress in the field. Commercial economic incentives need to be encouraged to 
fuel growth and development outside the government sector, as well. 

Since I do not see how u national commission can help or hinder the develop- 
ment of theae issues, with the exception of temporarily misplacing financial and 
intellectual energies, I strongly disagreed with the statement. 

It could be worthwhile if the right experts were involved. 

Would be helpful, yes. 

I don't see the benefit. 

National commissions seem to do little more than restate the obvious (at- 
great cost to the taxpayers). 

Federal government needs to provide the stimulus which will encourage par- 
ticipation of business txnd industry through market incentives. 

This group must be carefully organized so that it is not undu^ly influenced 
by a single element. 

Not clear a commif^sion would help anything. 

Can't hurt, although many blue-ribbon panels have been ignored in the past. 
11. Wo need increased fundi ug/ooordination at the federal level to solve the 
above problems. (Specify type and level). 

Frequency distribution: Percent 
Strongly agree 



Agree 



2G 



Neutral 

Disagree 

Strongly di.sairree ' - 

COMMcN'V 

Fundi nir and c(Mir(li nation at late eloniontary/early secondary level may well 
be desirable and effective in prdmoting literai-y, but Viu not convinced it would 
bi* either helpful or appropriate in developing I he Jiouie nuirket. 

Greater need for R. & O. funding across all federal agencies— approximately 
.^.■iOO million. 

Yes. however we should also recognize that most of tlie current funding agen- 
cies have shown little understanding of the dramatic potential and problems in 
using and shaping technologj* for education. 

Standards for software, hanlware could be coordinated. 

Funding/coordination is neetlc<l at the HEAV level. 

With fundiui: available, many exciting education projects for gifted could be 

implemented. i , i • 

The amount of discretionary resources for education at tne Federal level is 
greatly limited. If new efforts are fo be initiated, additional funds will l>e 

required. ^ i- 

Categorical f\mds— Elementary/Sci»ondary Level— Continuous Funding. 
Because of additional costs associated with developing and implementing CMI, 
and the nec<l for more K. & D. on how computers can best supimrt instructional 
management the Federal government should increase funding to states and local 
school districts to develop effective CMI .systenus. State governments work:ng 
with bK'ul schools are in the best ixn^itiou to develop comprehen.sive. coordinate<l 

s> stems. ^^^^^^ a high minimum <if mn.^s of capital is available for many years at 
11 lime, no terhnnlogical project can be successful. (2) 2-.-^ million dollar i)er 
nr*)jei't TK^r year. ^ . , , *• , «i 

SchooK .*;hould provide computer literacy as a part of their regular e<lucational 
pro-ram I.o«-:il school agencies do not have funds to pay for the computers needed 
for such (i»nrses. The Federal g.»veriiuieut should provide tliese one-time start-up 
funds to the schools. t^. ^ i i • 

Vu'HH- we netHl increase because potential is increasing. First needed is an 
infomiatif.n/ro.'«;earch coonlinatiou and resource center which acts as a .search/ 
rt'SMiirre oeiiter. New areas like this are plagued with duplicated effort and lack 
of information. 

Typt^: Larger centnilized projects. Level: Uncertain. 
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Xot sure about best ways. What Is clear is that, dpvolopment times are longer 
than the 3-;) years ufCordca projects in the past. Patience Is neetled with re.spect 
' to efforts like PLATO and MITRK. ' 
Federal so\'emment has funded PLATO, Init no one can jret to it, whv spend 
more money? 

Xeed both funding and coordination. 

The track record so far (e.p:. XSFi has not been f^ectaculat. Although OXR 
did an excellent job in support of early research (in the middle OO's). 

The nee<l Is to .support creative and responsible ^rroups, and not be afraid to 
list "ideas" as the product lieinp: produced. 

At the present time, funding; should l>e aimetl at iniiirminpr understandin;: of the 
teachlnK-learninp: process, the development of improved methoils of instnictional 
deslCTi. and the development of advanced prototypes. Once the "buKS'* have been 
worked out, the entrepreneurs wIJl take care of the dissemination 

Funding ;rive si\r>port. Coordination helps apply it to the "right" places Obvi- 
ou.sly there Is a cautionar>- implication here. 

I thlnk^ the national f'mctional literacy problem is a disgrace. "We need intra- 
edncational and extra-educational system actions. 

/nJ^^f/iTo.^^"^-^* iearn; fund pilot projects of great diversity 

( ilCCIT and PLATO answered many questJon.s unaske<l, even, when they were 
begun. Too bad they aren't being evaluated properlv) to fund effective roles 
for computers in education. Imagination is needed. 
Xot needed. 

I hate to see tax money thrown at general problem areas In hopes that some of 
It will stick long enough to do some good. The only areas that would seem to 
benetit (and them only with hardnosed administration of fimdp/coordlnatlon) 
are those in which start-up costs are too great for individual users (or com- 
mercial ventures) to justify exploration but which have promise of ultimately 
providing improvements which would benellt large portions of the population. 
Much of the XSF support of early CAI systems fits into this category. ' 

Details would have to evolve from goals and objectives established hv fed*^ral 
commission. 

Xeed standards for design, development, evaluation and transport of materials. 
You can always use more money, but first one needs to determine what needs 
to be done. 

More prototype projects, particularly with newer equipment (intelligent video- 
discs, for example) are needefl enable us to fully see this powerful new teach- 
ing medium. Unfortunately, funding has dropped recently, at a critical time. 

Money to provide faculty incentives. 

FederrJ money in education is now directed at programs and research that will 
have less impact in the future. 

It must be properly channeled and combined with user education and course- 
ware development. 

We need initially a heavy emphasis on research and development in-order to 
surmount application problems in the future. 

We need to divert funding from present sources in education that appear to be 
largely unprwluctive of their original goals. Teacher aides do not appear to help 
raise achievement scores. Smaller classes do not appear to raise achievement 
scores. I believe we are spending the money in the wrong areas. 

Coordination of funding is always desirable, at any level : increasing funding 
without providing better technical direction is simply not good business practice. 
The problem is that dollars-and-cents numbers do not generate the instructional 
theory needed to guide new educational uses of computer technology. Incentives 
on the federal level are traditional methods for stimulating nationally needed 
activity (I am. of course, thinking of tax incentives for business investments). 
But the markets for computer hardware have expanded without governmental 
intervention: these markets have encouraged industry to invest research money 
in hardware development. Our knowledge of software (e.g.. proirramming lan- 
guage! design and implementation lags considerably behind hardware design 
and fabrication. As the market expands to less ieclinically knowledgeable users, 
as it is now doing, the/demand is increasing for more congenial interface metli- 
o<ls finput/output devices as well as programming languages). Industrial and 
academic researchers are turning to these issues right now. 

The question is. firstly, how much federal government intervention is neetled to 
guarantee that this kind of research is carried out and at acceptable speeds : and. 
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s(>oon(lly. whorlicr'the results of federally-funded research centers get sufficiently 
(li.srril)utod, with or without industrial interest, to be worth the expenditure of 
funds? Federal fuiuliug should open the door to a broader ranj^e of studies; 
initially, the kinds of instructioual materials made available should be greater by 
providing increased resources for a greater variety of researchers. But bettter 
federal coordination Is needed to guarantee the accessibility of these materials 
to tlie averai;e user of a home computer; here, I do not mean by linding profit- 
si't'king publishers to disseminate the material, but by providing free library 
access and by supporting the initial teaching efforts (the Initial idea is public 
libraries for public school jwrsonnel, teachers and students). Lack of broad use 
of uatioiially-funded curricula in the past, possibly due to their ultimate market 
costs, .should emphasize this point. 

\Vf are \u* lou.i;er jjatii-ut consumers of school program.s, willing to wait for the 
•"one best way" to evolve. But we arc (•()usfrvativc in our willingness to chauge 
abrupil-: a great iloiil of new ideas and te.^ting of those ideas to determine their 
viabiiiry is always in order. For e.\ ample, I believe tliat the caution with which 
>cliools are incorporating calculators is appropriate; I do not believe, however, 
tiuil the scliool.< can atTord to dismiss calculators or computers (no more than 
>chools cf)uUl iifTord tf> icnore the usv' of tyi>ewriters). ^:.\Hleral funding is desir- 
aid*- Tj-. ii'dp in broaddtast'd t;valuatious ; I'enlcr.s to provide experienced research 
r«-;ims for these purposes are signllicjiiit aids to getting the job done. Trior govern- 
jiieuf emphasis on <levelopnieut programs requires too much money over too long 
a peril Ml without producing resources that can be umde more generally available. 
Stronger eniptiasis is needed on researclii/ig applications for available technol- 
oLry. ;nid. irt^rh;ip^ through inilustrial ef)oper:itious. keeping pace with the prod- 
u«-ts rliJit are deveiopfMl. bu' n()t a*«yor marketed. 

If what we need is mr^re ideas about ippiicntioas of computer technology and 
l)erH'r evaluations «pf those applicati<)ns. rlien funding a limited number of re- 
s<-areh t enrers seems conuterpnuluctive. I fear that putting the researchers all in 
i.ae place means tluit they will all start doing the same thing, producing fewer 
ideas rliar nuist he ixj.^itivt^ly evaluati'd for their \vork to continue. The over- 
wliehning **sauieness'" of researeii examples in the computer science, area of 
"arfitieijil iutelligeuee** seeiu-^ to support tins fear. Hui tliis statenu-nt, in itself, is 
ronnterprodueri ve since good research need> gO)Ml resources: a critical mass of 
iK'ople to carry out the very large iasks. This seems to imply that a signih<'Jint 
nuuilier of rcs.'arcii pn.Jeefs must be fnnde<l to generate several, good competitive 
ideas with >utlieieMr funds to carry otit evaluations of the ideas. A.-^ stated before, 
their research priorities are to tiud new in.^tructional applications of c<uui)Uter 
iecbuoloi;y thar make u<;e of the me<liwni s unitpie .-apabilities to a<H*ess and edit 
inff)ruiai ion < rarher than usini; the medium as a new (lelivery .'System for current 
nistructional cjintetU>. to carry out national pro; TiUis of evaluation, and to 
provide public acn-ss to tlie resultini; pnnlucts. 

12. \\r need a ciaiter (or e-ntersi of e\«-elIeiKH' to complete research on tlie.se 
issues. 

Frequency distribution: ^ Percent 

Strongly ai;ree ^9 

Agree r 

Neutral ;* 

l)isai:n'e Z 



Strontrly disai;ree- 



COMNtKNTS 



Tiicse centers haVe been the most efTectivt' r(»s<»urce. 

Private indtistry has ah\a\<; ontstripiH'd the grantees in iunovatitms thjit can 
be api'lied to »'du4-atifUL 

That wouhl be great ! . n c 

May simply want to .stremxThen »».\istini: centers (e.g. I.KIH / 1 niversiiy or 
Tit islairgh ) . . . 

Cuverunient iuTerpreTati^ai f»f 'ceuTers* is university /res( arch groups. 1! •con- 
r-r* iuclufled aetual u.-ers • e.-. .^decte.l hiijh schools!, the results wouhl be very 
u.irthwbil". !iud mv vote would be •strongly agree*. 

•Hie cMiuiTrv can ::eT f.ar more for its mf>nev b\ funding (.utstaifdnu; individuals 
and small (vnters. l.arire -enters tend to be less elheient. Their main advantage 
lies in greater visibility in the broader »'omiminity. 



692 



Yes . . . Some academic, some industrial. 
It is time to consider this*. 

Sjhould look lit hardware, software, eour.^ewarc. societal i.ssue.s individually 
and rollectivcl.v. 
Not nei'ewsary. 

I would iiope that it is recognized that several such centers already exist de 
facto. 

Major eiTorts are needed to build CBE courseware to meet national priorities 
and needs. 

This i.s where the research should be conducted. 

But Ikj sure it is not just the **oId boys'' I>eiug supported one more time. 
Additional research is badly needed. 

Because of tiie high cost of computer research and development, centers of 
excellence is the best approach. 

We need better hardware for learner interactive use followed by massive 
amounts of software developnienr. 

This is urgent — now ! 

Such centers must also .serve a.s a training ground for some of tomorrow's 
toivuotcli educational researchers and e<hicators. 

There should he more than one center to avoid getting "locked into*' a specific 
approach. 

Need 3 or 4 alternate centers to develop courseware and algorithms. 
It should bo staffetl with qualified personnel including advocates. 
These centers nee{l to he distributed throughout the United States for easy 
access to all. 

Alisolutely necessary — small amounts spread nicely will not be very effective. 
Sueh center (centers) should serve as a resource and support for State and 
local efforts. 

Feileral centers would become too l)ureaucratic to stay ahead. Individual 
jjroups should be financed at. 

r>4irgely. massive funded centers arc great for working on highly technical, 
well-dofmi'd problems. Here we have a (.'ase of existing liigh tech!iolo;;y and 
poorly dehnod problems. Small or medium cent{»rs or i^ulividual researchers with 
teams would seem uuich i)etter. 

While centers of excellence would be u.seful. the iuuovntive and effective u.sc 
of tcehuology requires many forms of activity. Priorities for research, training, 
(Mirrieulum, and courseware development are also required. So oue activity or 
no small <M)lIection of i>erformers an* capal>lc of bringing about widespread 
change. .V pro;;rauuuatic effort is required. 

Yes. but let'.s get it established within the educational establishment, E(Uica- 
tional technology- people are afraid of CAI because they do not understand it. 
We need a nationwide effort to educate or re-educate these iK'Ople and get 
(*.\I/C*MI acceptcfl within the mainstream of the ])rofession, 

\H. Such center for centers) research priorities should include: 

COMMENTS 

netermine research gaps. Special applications (e,s. handicapped and remote 
sit(^), Meclianisms for technology transfer. 

Authenticntif>n of n^sults of these mediums and dissemination (jf the practices. 

Ueliable. v«'r.sitile, and inexpensive hardware. ICtfeetivc means for producing 
con re ware with a strout: level of credibility. 

Yes. prf>l)ably tw<) or more. However, the charters for these centers nuist he 
carefully thought out and articulated nr otherwise they will pursue the ordinary 
and not venture into the vast unchartered territory that uuist be ifigenionsly 
explon'd. 

Should be multidisciplinary. emphasizing tlu* psyclifdo;;y of learning and striv- 
ing to intcirnite advanj-es in com]>uter Imnlware. software, courseware, and the 
ways that knowl(»di:e can be represented^ organized, stftred. retrieved, etc. 

(l) 1 >ev*-lo]>nient of <-ourseware f<ir mass distribution: i2) Oevelopment of 
nmdols for human environments that will succeed — in homes, schools, offices. 

Kvaluations *»f existing sys'tems aiul conduction <if tests in realistic environ- 
ment'^. 

Planned studies of what kinds of covert cognitive skills arc develoi^ed by com- 
puter/media terhnologies so tlmt, a,s in the ease of pai>er/pencil literacy, we can 
efliciently teaeh the "study skills** for cf>mputer/niedia te<*hnoh>gy. 
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Computer programming effects on teaching efficiency. 

(a) The (icvelopmeut pf equipuient systems for specific educational, prol)- 
loms; (b) The develupnient of hiph quiility curriculum; (c) Trnining and work- 
shops for teachers and instructors; (d) Technical advice to administrators and 
instructors; (e) Research on and the testing and evaluation of instructional 
.sy.Htcius. 

Uesearch on: Leaniini; .styles; Curriculum for individualized instruction; 
Cost-effectiveness prote-^ses ; Educational organization. Finance, and manage- 
ment: Educational evalnatiun; Software genenition ; Disadvantaged and gifted; 
Social science. 

(1) Research on new toclmology; (2) Courseware development; (3) Evalua- 
tion research. 

Xet gains, amount, kinds of technology, and mix. 

(1) Integrating computer usa^'c? with socio-politiciil realities; (2) Reducing 
costs of operating CMI .system;- : i'^) IMacing graphics on computer for cost- 
effective retrieval. 

Videodiscs. 

Exploration of computer languiige alternatives. Dovolopment of achievement 
tost.^ fur com J alter literacy. Development of course.^ in computer use for problem- 
.scdving. 

(i; Defining what is po.^sihle : (2) Snmll cviiorimental denion.stration pro- 
;:ranis; (3) Much teacher (not PhD. hut regular teaclu»r) input: (4) Defining 
ways/languages to simplify cuniputer use. 

Creation of in.structional materials. 

Quality materials, systeuis, and transportability. 

(1) Assessing state of the art in instructional/management Uaow-how : (2) 
Developn)erit of sophisticated computer answer i)rocessing and management rou- 
tines : Redirect learning psychology to solve instructioniil problems. 

Cost-henelit analyses; Research on lenrning style and cuinpnter delivery. 

More emphasis on applicatioas strategies. 

Imaginatiftn sliouid hi* their most important product. 

A wide variety of nctivities. with the eaiphasis oa basic research and ad- 
vnneed prototypes. 

Hardware/S?oftware tcsting/Eiihancctnent/Dcvclopment/Cnrriculum dcvelop- 
nient/Deniotistratirai activtiies. 

Long-term funding, long tenn access to students, long-term commitment of 
profess ional.s. 

Coursewan.' (h'velopmeiir aids: teacht-r training materials or procedures: user 
re(iuircments for s()ft\\are ; hardware needs in edncntion. 

[I) I'.ehavi(»ral research: <2) [.earning research: (H) Ilinnnn/machine inter- 
face rcsearcli— Computer should interact richly with all six senses. 

Comjuiter literacy, 

A center uiust have the flexibility to move forward with the stnte-of-t he-art. 
Ilcace there should be a proven hardware design capability. A center muM 
have access to ji wide range of real user populations and a proven capability of 
interacting with these populations under learning conditions that are b.->th real- 
istic and experimentally clear, (liven this setting, there is a need : (1) to identify 
optimal parameters for instructional nian-nmchine interaction (e.g. ;hunnin fac- 
tors' aspects) : (2) to identify <»ptimal structures for CAI-CMI languages; {'\) 
to identify critical barriers to etTective ajiplication of known ]iriuriplcs of in- 
strur-ti«)nal desi;;u; 14) to fnrtlier knowledge of techniques of individualized 
instruction. 

Include development with reseJirch lu'- ausc research without development 
will n<)t advancft the nation. Centers focused on separate disciplines (Math, 
Science, etr-. ) would extremely useful. 

I)esii:n. pvaluation. apl)lications. transport. 

Deteriiuning liow the currii-idnm should bjok given the existence and avail- 
.-ibility of Ciuuputers. 

(\) Hole r)f grajjhics : ^2) Role of full muHi-nu'dia capabilities : (3) Dev(4op- 
ment systeujs for ]»roducinu ('.VI/<'MI materials: (4» Hardware spi-citically 
«)rieutcrl t<i c<lucational uses. 

(livcu solirl ami valid <airrirulum and a coordinated facility effort wluft does 
the aiiplicatifui of ^'omputers t<» education at large do. 

Multinlisciplinary approach. 

Deveh)pmcnt of snuill. j)0\verful cotuputers, and development of sophisticated 
tutorial programs and educational games. 
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Development of courseware In critical teaching nrens. 

(1) Hardware; (2) Operating .systems and lanRuages ; (3) Subject matter 
software development." 

14. There are U\iroaucrntic bottlenecks that prevent dissemination of com- 
puter-based techiii<iues, ideas, courseware and hardware that would improve the 
chances of all segments of our popiilatiou to become better educate<l. 



Frequency distribution: Percent 

Strongly agree 35 

Agree 2--" 24 

Xeutral ~ III'IIJII 13 

Disagree t 15 

Strongly di.'^agree 4 



CC)MME>'TS 

Number 14 i.s a loaded question. The two part.s. (1) bottlenecks to prevent dis- 
semination of computer-ha.sod materials aud (2) bottleuocks that prevent ail 
segments of our population to beco:ue better educateil, do not ntH:.«ssarily belong 
together. The first pjirt had been answered in the above, stating that I agree that 
bottleufcks exist that are innsily tir.aiU'inl for tlis.s-ominatlng software and course- 
ware. But it is certainly far from ^;narantecd that alleviating these bottlenecks 
will improve the chances of ail segments of our iHijinlatlon to become better edu- 
cated. Introdu^.iug anotlier new device will not solve the problems of today's 
educational system bc<'ause. n.s stated earlier, tlioso problems are social ones, 
coming from the economic und ecological uncertainty with which we are all 
trying to live. 

Tiie bottlenecks are more technical in nature iucludine: design, authorship 
quality, and (inality of distribution. 

One in particular-— the policy of no royalties on i>artiaUy governnient>supported 
cnrricnlnm projects lias caused delays of several years in snni^ cases. For NSF- 
sponsored t'OMPUTK unite rials, the effect has been to preclude commercial pub- 
lication. The government should be more tle.xible in allowing the use of existin;; 
connuen-ial resources, such as l)ubU^ ;ier.<:. even if it menus that someone might 
( ?) get rich. 

Orantinu agencies do a poor Job ui* protecting the public interest and assuring 
public access'. ^ 

I think dissemination is ok but I wonder about how easily site people h;:vc 
been able to use\iy roded programs. 

Need for u imtional clearinghouse of computer-based tecuniques. ideas, course- 
ware and hardware. 

For example, f'ETA program i)ref*iudes CAl in basic skills. 

political expediency, anti-inteliecttmlism, niiddie-maiuigemenfc tyi)€S, the uni- 
versity research office. 

Skepticism and lack -of understanding on the part of school people (Note: 
Some of the skepticism may i»e warraut«Hl.) . 

Icrnoranf c of this tcehnology 00 the part of the administrator.s- and teachers. 

I.ethargi<* support by administrators, in part caused by an e.^agi^e rated cost 
estimate. Po't support for efTort.s neetied to pack a ire materials. ("ON D TIT is a 
help. 

Yes. but : hese are not by an.\* means our biggest problems. 

Mostly an niulerstamlMble liesitaney to expend tiglit funds for efforts that will 
Mor Imve ininuvliate payoffs. 
Lack of 'universaT standards. 

The recent en<i inc of the TIE program in XSF is a current bottleneck. 
8cht»ol systems amy l>e bf)ttlent^'ks. 

Not l)ureaueratic — jiist lack of mnncy, hick of a marker and therefore lack of 
materials. 

T'suE. Ni^F. .^tatn depart meats of educators. 

Government rei;nlations on use and procurement »»f ADP services and equip- 
meiu. 

I feel the colleges and nin* versities ko*>p calli:;g for research grants to develop 
avant-iranle hardware and software without pro|>or atientl(«u i>eing paid to the 
linnjiriMl coiistniiots io jmidir fHlnrntion. .^^)re aiteiitinn should i>c directed at 
(lev("]ni»ing Io\v-c(^st i)roducriou teehnies of felt nced.s- «tf the pra« iitioners. I d<j not 
feel th«* ueeil for a color pii-ture to be supei iaiposed on t))e c;ithodc ray tube but 
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I would like a low cost audio system that could accompany primary reading 

"^^^e dilef bottleneck Is methcxl of evaluating proposals. There la no consistency. 

withlducators who refuse to believe that learning/teaching can be vasUy differ- 

^^^Infnt^^^^^^ of an adequate disseminaUon 

"^New t^SlS ofteA require new organizaUonal mechanisms to facilitate 
their ado^on Studies of how to reduce the Ume-lag between "^^^identlficaUo^ 
S a problem and the implementation of a viable solution are P^^o^ably f f l^^^ 

InflexibiUty of ESEA TiUe language, and State regulations that make it diffi- 
cult in .many cases to fund C AI/CMI programs. ^ , 

Protection for authors and investors; incentives to improve and modify con- 

^^Fe^de?ai^^g^fde°Unes": purchasing procedures, student population, time frame, 
funding plans. ^ ^ _ ^ ^ 

Regulations concerning purchase of ADP equipment. 
Many educators fail to seek new devices to facilitate better learning, 
Program offices have: (1) Lost courage to back projects themselves— com- 
mittees from outside decide everything and thus project institution from Con- 
gressional criticism. Committees are usually wrong— afraid of new, risky, or 
complex (2) Too manv bureaucrats to give away too few funds. Thus almost all 
grants take 6-8 months to process and they can have only a few thousand dollars 

^^I^lations that present federally supported projects from recovering royalties 

or courseware, etc. , . ^, ji . :«« 

The tendency to fund lesearch projects but little or no information dissemina- 
tion/resource activities. When funded— large centers iu global areas arf set up 
instead of providing funds to small information centers concerned witl)^ specific 

areas. ^. , ix j'l 

Most courseware developed to date is ill designed, parochial, limlted.ln scope 
and effectiveness, not worUi disseminating. What is needed is a machine inde- 
pendent, mdividnalized/CAI/CMI curriculum development effort in major con- 
tent areas akin to the major curriculum development efforts done aft^/r sputnik 
in physics, biology etc. This development should be done by professionals using 
academicians and teachers as resources, not vice versa. This curricuUm should 
be ol>jective based, criterion referenced, and uniform across the country. Credit 
should be ol)tainaMe from all participating schools/universities, and incentives 
for offering such nationally accredited courses should be provided. 

Are there any additional issues that have been overlooked in the above? 

COMMENTS 

What agency(ies) is most appropriate for establishing i>olicy and disseminat- 
ing funds? At prescui . efTorts are fragmented. 

I feel tU.it 75<yfc of the technology has already been developed and is price 
effective. Lot us implement it now ! 

Yes— Involvement of industry. Incentives for private distribution networks 
to implement the fruits of government-sponsored R. & I), and to carry these good 
design standards to homes and schools. 

Tn.stitutions of higher education, wlitro teachers and educational administra- 
tors ure ertjicated. do nor priivlde snhf=t.'mtial training in the technologies of 
education. Major funding of hichor education may be necessary to re<lirect these 
schools from teaching teachers about the more mundane •'methods" of the past. 
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to teaching them about the present and future use of media and technoloffv. par- 
ticuiarly computer/media technology. 

Asimoy claims computers can be creative and be profcrauimed to learn— to 
reach this p:nal our pSfted need to be cognizant of the importance of the role of 
(Tnuputers in our lives and to work in harnionv with them 

(1) Developing l>etter mechanisms to facilitate cooperation among education, 
nf rrniTni'f r 1 ^"'^'^''"^P'^^- l^) New financial mechanisms for the acquisition 
of capital for Iniig-terra educational investments. (3) The crisis of technical and 

\n^t^^':^^ '''' ^^^^ ^^^'^"^^^^^ "^^^ ^^^--^ government 

.nJ/r/HM '^l^^ ""^'^'^ ^""^ National Dialogue betAveeii Industrv/Govern^ 
ARL^OT^ .supported and encouraged on a continuing oasis (eg. Project 

vP^v"Tr '/."/ implemenrarion of a complex technology into eduoarion requires 

[i^Jk iV^'^ ""^^ V!^ ^^'"^^ management and 

lini(ai >k 11>. I nderostinialing the problems will lead to a disaster Quick solu- 

arTeve'il nUd' systems witli technological obsolescence l4foreUiey 

N«'ed for Hlnontion Industry r(X)i>eration. Kstablishment of an all-twhnolOL'v 
M lKrol leather training. More efficient distribution of funding to result in better 
l onsideratioii of projects. ut,uLi 

rjra.'ri(/filly every program officer involved in technology at NIK or NSP has 
lost .ho ability to fund new and important projects with anv .substance or speed 
•n'vvo!i /r'^r ''T^ Congressional policy: il) Funds have been cut back i 
[V . ^'^'''^ designated by politioal fiat such as UMA and the 

A ask.'in satellite in MK If Congressmen want to designate certain project funds, 
f ^wi^Iny^ ^J''\"nfr* "^'''^ standard budget, otherwise project officers have no 
rumi.^ left for significant pro.iects. (3) Political attacks bv politicians followed 
by ones for aeconntahility. on apencies such as NSF simply destrov program 
c.fflcers ability to function. Their superiors make certain a "public" group of out- 
siders make the drci.sions. Tliis strategy relieves the agencies of aocountablitv 
• M.l pp.rects the au-eney leadership. It also ensures miHliocritv and the death of 
.mythinu creative or significant. (4) Union lobbying and State lobbying for 
direct funds for (^lucation has made Congress shy about using funds in R .'t D 
posture. I ninii meml.ers and ^>tates want direct funds for salaries not new pro- 
L-ranis or teebnologieal delivery systems. Congress has responded accordinglv 
'.n ( ouL-ressionnl staff lender.ship has not l>een very interested in this area, * ' 

\e.s. ^^bnt will happen if no federal action is taken to e<lucate the piiblle In the 
iis> Mf computers? The answer is that only tlio.se individuals and afnnent school 
wlii.'li ran afford to buy the new computers will derive the benefits. The economi-- 
r ally and s(>clally advantaired will develop new skills that further widen the gap 
betweiMi rbemstilves and those less advantaged. Only a public educiition program 
r.'in a vdbl :bis nut(M)nu'. 

The li^itential is very great for the u.^e of computer or microprocessors to offset 
Mb' liandieap fared by many severely physically handicapped individuals, inclnd- 
inL-: Non-sponking f plivsically unable), non-writlng and n.m-manipulative blind, 
ind (leaf. 

I'ooiHTation with private industry, for example: Computer rompanies and pub- 
lisiuni: lionsps with p,artieulnr emphases and standards and distribntou. 

There is no mention of any new currirula demands (e.g. Computer Scieuce) nor 
>n hiirdware infercommunicatioiis. 

In nd<Htinn to computer literacy, more attention would be paid to the "adjunc- 
tiv.'" IN., nf computers- a> data analy/.ers, vehirh-s for simulation models and 
nbji'i'ts ri> l)e programmed. 

TcarlifT tniiuiu- in ^<'bMols of etiucatinn nec<is to Im* inforn^ed. Sometini'''^ (ne- 
rually nfton)^ instructional de.^Mpners that :ire really good Jising the computer 
rne<l!nin arc r<\'illy hanl to come by. 

Tb»' rop^ of cachers. 

T1h> quc^^tii.nnairc is direct*^! primarily towards questions of implementation. 
Tbore ar-- a few systems currently that are worth impbmientfng on a large scale: 
im.st ;»rc not. >r.>n- imivvrrant. we can and nuist develop far Itetter f^ystenis. It 
wi'uld bo a serious mistake for the novernmeut to fund larixr scale implementa- 
tions whoM wbat arn nee<lefl are better understandin;: and advanced proto- 
ry{M'> on '.\bieh t-> bn-^o In rue scale de\elopiMent and implementation. 

("H.vinn-ly there will ahvay«; Ik* many unexplored issues in any dlscussjou of a 
to]ne >urb MS tbi-5 nn♦^ One wbi'^h Is worthy of furtiier attention is the area of 
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Kovernnieiit iiiuU'rwritin^,' of increased basic research in which automated learn- 
ing systems nre hoth the object of, and the vehicle for the research elTort. 

Kveryinan's portable jintonmlic tutor is u reaehnhle dream. But it would lalve 
extraordinary wisdom, inie.i^rily, honesty, and patience to make it happen. 

I fr'el that' yon are heiii;; told that if only the government would jmur money 
into re.sp.-irch and implementation of micro .^v.stems for everyone, then everyone 
Would u.se his/her own computer and heconu^ educated. Not so! Personal comput- 
ing software development is stalemated — no one kiu)WH how to turn iwople on to 
learuiu'4. With traditional media, our options were limited: with the couiputef. 
ways to lenrn are liniitiless. Ix>ts not use the computer to mimic the dark h^qh of 
leiirniuK : let's explore nnd capitalize on the richness of this new tool. 

Ye.'<. Emphasize computer literary to overcome tlie rehu^tiince of peoi)Ie to use 
comi)Uters in education whether nt homo or school. We nuist overcome fear by 
understandini,'. not bury the tivhuoIo;;y in a delu;;e of research nnd reports! 

The real problem is.liudiu;; out where and in what way computers can and 
should be iiseHl in education. There still are too many computer projects that 
simulate Iouk division. Not only that, we take 5 years (if you add np all the 
lliouths spent \i> elementary school) teaciiiuK lon^ division. Rather than medi- 
an i/.in;: the present curricnlmn, we need :i new one. 

We .should lie eucouraKin;; commercial vendors in takiuK a more active role in 
marketing course material of this kind. 

Tlie educatioiuil advantage of the new technolo^ry is that it can i)rovide per« 
s/tnai'msl attention to the st'Ulents prohlenis and Uiiscoacei)tions. and it provides 
the, sturb'ur with an environment wlu're the student can try out i<leas whhout 
fear of criticism or fjiUure and <'an have more control over the learning' process. 
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